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CHAPTER I

INTRODUCTION TO PROBLEM

The present study was designed to measure certain effects of
relaxation training through electromyographic (EMG) biofeedback.
Specifically, the study attempted to assess the efficacy of EMG bio
feedback in the alleviation of test anxiety in children, and in the
enhancement of performance by these children on an intellectual task.
The focus of the study was both practical and theoretical— practical
in its quest of methods for alleviating anxiety and theoretical in
its search for further elucidation of the mechanisms of the formation
and dissolution of anxiety.

INTRODUCTION

Biofeedback is a training procedure " . . . which enables a person
to, within biological limits, alter physiological and bio-electrical
events occurring within his or her skin."
p. 8)

(Wickramasekera, 1976,

Basically, biofeedback training involves continuous and accurate

monitoring of the responses to be changed, immediate feedback to the
subject of the changes in response, and motivation to alter the
response.
Biofeedback has enjoyed considerable attention in the past few
years.

Experimentation with the method has been extensive.

The re

sponse in professional and popular spheres has been well described:
Biofeedback training . . . has been hailed as a panacea for
most psychosomatic disorders with diseases as diverse as

1
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hypertension, migraine headaches, cardiac arrythmias, and
epilepsy yielding to this mighty new tool. Several companies
have begun to manufacture and market biofeedback training
devices. This enthusiasm has even penetrated the medical world
with the publication of several survey articles in the non
archival professional journals. (Blanchard & Young, 1975>
p. 187)
Articles on biofeedback have also appeared in the popular press and
several popularizing books have been written on the subject (Brown,
197^5 Karlins & Andrews, 1972; Lamott, 197^, Null, 197^; Stearn, 1976).
Certainly, biofeedback promises to aid in the alleviation of
anxiety.

In fact, biofeedback has been regarded as an important addi

tion to the armamentarium of techniques for alleviating anxiety by
enhancing relaxation.

As one of a family of relaxation techniques,

biofeedback is supported by the same rationale that has supported
other techniques:
There is an abundance of scientific literature that
supports, at least in part, Jacobson's concept that anxiety
and relaxation are mutually exclusive. It is also generally
inferred that many emotional problems and the majority of
psychosomatic disorders contain a large component of anxiety,
although anxiety may often be obscured by somatic symptoms or
by various emotional compensatory mechanisms. (Brown, 1977»
p. 6 7 )
The question has been raised whether such a "relaxation response,"
once induced through EMG biofeedback, can be transferred or generalized
in sufficient degree to real-life situations to warrant its use.
Secondarily, it would be of particular interest to see how effective
biofeedback is in helping individuals deal with anxiety in in vivo
situations.

Certainly, this needs to be established.
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STATEMENT OF PROBLEM

The use of EMG biofeedback to reduce anxiety lies within the
sphere of behavior therapy techniques.

First, the method deals with

specific behaviors— i.e., muscular contractions— rather than with
global characteristics of the organism.

Second, the technique views

a cure solely in terms of the symptom, not of some presumed underly
ing dynamic.

Third, the method also seeks to replace one kind of

response, such as anxiety or tension, with another, relaxation, and
it views amelioration as being mediated through some peripheral
mechanism such as muscular contraction— rather than through a central
mechanism such as cortical activity.

While some biofeedback proce

dures— EEG biofeedback— deal directly with central mediating mecha
nisms, the EMG presumably does not.

This study limits itself to

consideration of EMG biofeedback procedures.
Although not all behaviorists and behavior modifiers restrict
themselves solely to peripheral, observable mechanisms and behaviors
(Meichenbaum, 1975; Sarason, 1975a* 1975b, for example), the behaviorist— of whatever orientation— acknowledges that biofeedback follows
the general contour of Skinner's (1953) principles of operant condi
tioning.

This contradicts the traditional distinction between volun

tary and involuntary behavior, since Skinnerian behaviorism— in
contrast to classical or Pavlovian conditioning— is oriented primarily
to voluntary operant behavior, or behavior that operates on the
environment.

In the clinical application of the Skinnerian paradigm,

"as the organism emits responses which resemble or are in the direction
of the target response, reinforcement is given until these partial
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behaviors are shaped into the desired sequence".

(Korchin, 1976,

p. 3^0)

Uniquely in biofeedback, the Skinnerian paradigm has been ex
tended to organismic events previously unaccounted for.

Simply stated,

the biofeedback approach has provided for voluntary control of sup
posedly involuntary processes through the principles of operant rein
forcement.

Previously, a duality afflicted explanatory principles;

the conditioning of behaviors controlled by the autonomic nervous
system (ANS) through stimuli— behaviors such as emotions— vis-a-vis
conditioning of behaviors controlled by the central nervous system
(CNS) through the consequences of those behaviors.

The former is

classical conditioning, the latter, operant reinforcement.
According to the Skinnerian paradigm, the visual or auditory
stimuli presented by the EMG biofeedback device provides reinforce
ment to the subject for exhibiting, for example, a response of muscu
lar tension that is lower than one previously emitted.

The subject is

thus "rewarded" for emitting responses that are in the desired direc
tion.

Whether reinforcement is actually occurring in a feedback

situation, or whether one is observing informational feedback, has
been debated (Miller, Galanter, & Pribram, i9 6 0).

The behaviors

emitted by the subject are "shaped" by successive approximation until
the "target behavior" is attained— in this case, a state of deep
relaxation.

Once attained, the relaxation may be considered the end

point, since it is considered incompatible with anxiety or tension.
Alternatively, the relaxed state may provide the basis for an addi
tional technique of behavior therapy, systematic desensitization, as
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developed and described by Wolpe (1973)*
This mode of treatment presupposes that anxiety has originated
and developed entirely as a result of chance conditioning of the
individual by his environment.

A major rival to this theoretical

position attributes to the cognitive processes the primary role in
the etiology of anxiety.

Throughout the history of thought— includ

ing the advent of modern psychology— most theories of anxiety have
been of the cognitive variety.

McReynolds (1975) suggests specula-

tively that the two perspectives do not really contradict one another
but can be integrated; he proposes that the cognitive perspective
accounts for the origin of anxiety while the conditioning perspective
accounts for its spread.
Another rapprochement between these two perspectives is provided
by what may be called social learning theory or cognitive behaviorism
(Meichenbaum, 197*0.

In this view, the cognitions that produce

anxiety (Sarason, 1975a, 1975b) are themselves behaviors that can be
modified, resulting in a reduction of anxiety.

This view has been

espoused by a number of therapists and theorists (Beck, 1975» 1976;
Ellis, 1962, 1971. 1973; Maultsby, 1971, 1975).

To complete the

circle, it has even been asserted that therapeutic manipulation of
emotions can result in a change in cognitions (Ellis & Harper, 1975,
p. 212), thus reversing the usual causal sequence of cognition-thenemotion.
Crucial studies demonstrating these kinds of linkages between
cognitions and emotions are certainly indicated.

At present, the

bulk of the research is directed toward either cognitive approaches
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or behavioral approaches.

Thus there have been relatively few

attempts to compare therapies springing from the two approaches, and
fewer yet to integrate the two therapeutic approaches or their under
lying theoretical paradigms.

Paul's (l96 7) study is one of the rare

exceptions.
In order to alleviate anxiety, it is necessary presumably to
understand its nature, not merely its origin.
ters a lack of consensus.

Here too, one encoun

The consequence of taking a particular

theoretical perspective, such as the behaviorist, is that of running
the risk of premature theoretical closure.
As psychologists, we often look at our patients and clients in
the wrong way. We look for mechanisms and correlations, and we
run the risk of missing the real causes of human problems. It
is our task to understand people, what is going on in them, not
only to make distinctions between normal and abnormal behavior
and invent techniques to cure the abnormal. Our task might be
much broader than we are inclined to view it. (Vroegop, 1975»
P. 31*0
The use of EMG biofeedback may indeed "cure" some forms or cases
of anxiety.

The possibility exists that only some cases are cured.

Such partial success might be accounted for in different ways.

For

example, there may be more than one kind of anxiety, only one of which
is amenable to biofeedback treatment; another may be amenable to more
cognitively oriented treatment.
Another possibility is that defects hamper the procedure, for
example in ensuring that there is adequate transfer to in vivo situa
tions.

Still a third possibility is that not all variables within the

individual or the situation are taken into account.

A variation on

this theme is that the individual is not viewed, beyond his symptom,
as a whole person.

This may be viewed as atomism in the raw; to which
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behaviorism and allied techniques such as biofeedback are heir.

As a

result of the demonstrated successes of behaviorally oriented therapy
techniques, it has been asserted:
bility of the future".

"Therapy machines are an inevita

One observer has responded:

Shouldn't the sentence have read, instead, "The attempt to
develop therapy machines will inevitably continue, and if they
accomplish anything positive, one would very likely be tempted
to apply Dr. Samuel Johnson’s reflection about women preachers:
'A woman preacher is like a dog standing on its hind legs; one
doesn't marvel that it's well done, but that it's done at all'."
(Luborsky, 1972, p. 1 2 b )
The practical demonstration of success or failure in the use of
EMG biofeedback in alleviating anxiety, thus, could result in more
than a mere dichotomy of success/failure.
the present study:

Such was the problem of

to demonstrate success or failure.

With success

would come enlargement of the empirical base on which to evaluate the
theoretical orientations accounting for anxiety.

It is necessary to

assess not only the efficacy of EMG biofeedback, but the relative
efficacy of this technique with other techniques— representing both
the same and different theoretical perspectives.

It may prove signif

icant that "it's done at all"; but if it is, one would eventually want
to know why.

THEORETICAL FRAMEWORK FOR THE STUDY

The theoretical framework used in this study is that of operant
conditioning as developed by Skinner (1953)*
choice should be apparent:

The reason for this

that theory provides the framework that is

typically associated with biofeedback.

As Hampstead (1976) states:

"It has been well established that biofeedback functions according to
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operant learning principles;" at the same time Hampstead adds, "there
is a noticeable lack of 'well known' behavioral psychologists publish
ing research data",

(p. 9)

These principles have been noted.

What needs to be added is a

heuristic model of how biofeedback appears to works
Feedback Loop (Green, 1975)*

the Biocybernetic

In this model, external sensory percep

tion leads to emotional and mental response, leading further to a
limbic response; this leads to hypothalamic and pituitary response,
and to physiological response.

At this point, intervention with bio

feedback allows the person to have a sensory perception of his internal
physiological response; this perception leads to a revised emotional
and mental response, leading to a revised limbic response.

This

revised response could occur indefinitely, while the subject is
"plugged into" the biofeedback device, without any learning occur
ring— without development of the capacity to alter limbic responses
without the aid of a machine.
The crucial change involves the acquisition of the ability to
perceive directly the physiological response, unaided by machine.

The

machine, according to this model, simply trains the person's attention
to his physiological cues.

Once that response is learned, direct

perception of bodily response leads to emotional and mental response.
This model does not necessarily assume that such discriminations of
bodily cues are conscious; but it does assume that such discrimina
tion is necessary to produce approximations to greater relaxation.
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SIGNIFICANCE OF THE PROBLEM

The problem has been discussed with reference to theoretical
significance.

It was stated that there was a need for a more adequate

conceptualization of anxiety and for the sources and mechanisms that
produce it.

Study of the means used to reduce or eradicate anxiety

can conceivably shed light on these questions.

Even the therapeutic

treatment of one "kind" of anxiety— in this case, test anxiety— may
elucidate the general problem of anxiety, since test anxiety may be
viewed as synonymous with anxiety according to the same theorists
(Sarason, 1975a, 1975b).
The practical significance of the study can be stated in terms
of the effects that anxiety has on individual performance— not to
mention the subjective and physical suffering that it may entail.
Spielberger, who has done considerable work with test anxiety, has
stated:

"Through underachievement academic failure, the full

contributions of many able college students are diminished or lost
because of anxiety" (Spielberger, 1975, P» 12^).

If this statement

is modified to apply to students of all ages, one has a truer picture
of the extent of the problem.

ANXIETY AND TEST PERFORMANCE

Test anxiety, however, represents only one possible situation in
which apprehension may develop.
about making a speech.
to test anxiety.

One may, for example, have anxiety

Still other anxieties may bear less resemblance

Nonetheless, there remains the prospect that a tech

nique found to ameliorate test anxiety will also be successful with
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other forms of anxiety.

It has been estimated, for example, that about

one-third of the British population "suffer constantly from nervous
complaints, especially anxiety" (Lader, 1975, p. 22).

Data also

indicate that particular countries tend to have elevated anxiety
levels over a span of decades (Lynn, 1975)*
themselves.

Such realities speak for

Any measures that will reduce anxiety in a given popula

tion will, it is believed, lead to greater happiness and productivity.

PURPOSE OF THE STUDY

The basic purpose of the study was to assess the effects of
EMG biofeedback on reducing anxiety.

Other subgoals may be noted.

A secondary purpose was to assess the effect of EMG biofeedback on
performance of an intellectual task.

A third purpose was to assess

the relationship between anxiety level and performance of an
intellectual task.

A fourth purpose was to assess the relationship

between state-anxiety (A-state) and trait-anxiety (A-trait), and
between these separate measures and intellectual performance.

A

fifth purpose was to assess the relationship between these measures
and the diagnosis of anxiety neurosis arrived at clinically.

A sixth,

and final, purpose was to assess the relative efficacy of EMG biofeed
back and more conventional therapeutic measures in reducing anxiety
and enhancing performance.

While all of these purposes are important,

the first and sixth stand out as particularly cogent.

NEED FOR THE STUDY

The need for the study derives from the relative paucity of
research that assesses the efficacy of biofeedback in a controlled
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manner.

While the Skinnerian tradition has made single case studies

an important source of data on biofeedback, it is still desirable to
compare individuals and groups on different characteristics and treat
ments .
Controlled studies are needed in particular to effect compari
son between EMG biofeedback and other methods of alleviating anxiety.
A few studies have been done on such comparisons, but those few are
wholly inadequate.

Many studies have been done on state and trait

anxiety, but few if any on modification of traits by EMG biofeedback.
Moreover, the relationship between these measures and the clinical .
diagnosis of anxiety neurosis could bear some scrutiny.

In short,

serving the purposes stated above, the study was intended to serve
as a means of filling important gaps in the current body of knowledge
about test anxiety.

Moreover, these purposes make this study unique

in that all of these items will be assessed.

The practical need for

the study— the need to find measures to help students, and ultimately
the general population, become more productive— has already been
stated.

RELATION TO THE LITERATURE

The literature on the use of biofeedback in reducing anxiety
and on the relationship between anxiety and performance is reviewed
in Chapter II.

The purpose of this section is to situate the present

study within the context of the theory and conceptualization of
anxiety.

It is thus important to know the relationship of test

anxiety to anxiety in general.

Similarly, it is important to
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delineate the relationship between anxiety and fear, and between
anxiety neurosis and phobic neurosis.
Anxiety has been variously characterized as the central— hence,
pathological— component of neurosis and as a normal or natural part
of existence.

Anxiety has both subjective and objective aspects.

Its subjective side has been tersely described as "a chronic, complex
emotional state with apprehension or fear as its most prominent com
ponent" (Hamachek, 1971» P* 180).

The objective or physiological

aspect includes sweating palms, jitters, abdominal malaise, and in
somnia.

A variety of objective indices have been used to tap anxiety

in the individual and in populations of nations; these include:
chronic psychosis, calorie intake, caffeine consumption, coronary
heart disease, suicide, alcoholism, murder, crime, divorce, cigarette
smoking, illegitimacy, and accidents (Lynn, 1975*

266).

In

general, a low correlation has been found between physiological
measures of anxiety and self-report measures (Mischel, 1971» P- 341).
The measurement of anxiety was advanced notably by Taylor's
(1953) Manifest Anxiety Scale (MAS),

An adaptation of items from the

Minnesota Multiphasic Personality Inventory (MMPl), the MAS was vir
tually the only measure of anxiety used for many years.

Taylor

advanced this measure primarily on behalf of Spence's theory of
anxiety as a drive (D) (Spence, 1958; Spence & Spence, 1966).
evidence both has supported and refuted D theory.

The

On the positive

side, Glucksberg (1962, 1964) found that high drive facilitated
correct solution of problems.

On the negative side, Russell and

Sarason (I965) found that drive did not operate uniformly for both

R e p r o d u ce d with p erm issio n o f th e copyrigh t ow n er. Further reproduction prohibited w ithout p erm ission .

sexes.

Kurz (196*0 found that different kinds of stressors had

different effects on mental arithmetic tasks.

Davis (1966) concluded

that Spence's predictions do ". . . not hold with anxiety-type drive
as measured by TAQ (Test Anxiety Questionnaire) or MAS" (p. 51 )•
The MAS continued to be used, however, simply because few other
measures of anxiety were available.

Spielberger (1966) had begun his

researches on anxiety and developed the State Trait Anxiety Inventory
(STAl) (Spielberger, Gorsuch, & Lushene, 1970).

This distinction was

based in the factor analytic work of Cattell and Scheier (1961), who
found that physiological variables loaded A-state but not A-trait
(p. 208).

It became clear that MAS came closer to measuring A-trait

than A-state; meanwhile, measures of A-state had already been devel
oped, such as the Zuckerman (i9 6 0 ) Affect Adjective Check List (AACL).
The characteristics of Spielberger's STAI are described in Chapter
III, since that is the measure of anxiety used in the present study.
Anxiety as a trait has been viewed as the tendency of a person
to experience anxiety.
ality.

Thus anxiety constitutes a trait of person

Anxiety as a state is the actual anxiety that is experienced

at a given moment.
Carson (1969) believes that A-trait is a synonym for self
effacingness: "It may indeed be true . . . that the high
trait anxiety is 'prone' to attacks of (real) anxiety; but
that is merely a correlate, not the essence, of trait
anxiety as it is typically measured", (p. 23*0
Hodges (1968) found that threat to self-esteem would produce the
anxiety state in high A-trait subjects, but that the threat of pain
would not; this finding relates to Carson's observation.
The literature indicates other findings.

Schalling (1975)

developed Somatic and Psychic subscales for both A-trait and A-state.
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She found that the Psychic A-trait correlated negatively with Extra
version on the Eysenck Personality Inventory (EPl), as did Carson.
Schalling also found A-trait and EPI neuroticism associated with
unpleasantness resulting from critical evaluation and anticipation
while Somatic anxiety was associated with unpleasantness in painmedical situations: extraverted subjects felt less discomfort in
anticipatory situations than introverted subjects.

Feji (1975) found

debilitating anxiety associated with introversion, facilitating
anxiety with extraversion.
In addition to state and trait aspects, Spielberger (1975)
conceived of anxiety-as-process:
. . . a complex sequence of cognition, affect, and behavioral
events that is evoked by some form of stress. This process
may be initiated by stressful external stimulation or by
internal cues that are perceived or interpreted as threatening.
/
' ' state is at the core of the anxiety process

This conception of anxiety moves farther away from anxiety purely as
a drive, which, as Spielberger (1975) has contended, is supported by
two decades of research.

The acknowledgement of cognitive elements in

the process concept should be noted.
Sarason (1975b) distinguishes between anxiety and fear in cog
nitive terms:

"The fearful person is reacting to 'it' out there; the

anxious individual is preoccupied with ,me," (p. 181).
also stresses cognition more strongly:

The latter

"Perhaps anxiety, while im

portant, is not quite so pivotal. Perhaps the more basic process is
not anxiety, but self-preoccupation or self-focusing" (Sarason, 1975a,
p. 35)*

In their discussion of anxiety of phobic neuroses, Beck and

Rush (1975) agreed with Sarason's distinction between anxiety and fear:
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stimuli for anxiety are more "internal" while those for phobias are
more "external".

Regarding anxiety and fear the same researchers

noted:
Fear is a particular kind of ideation, whereas anxiety is an
emotion. Fear is an anticipation of "the possibility that
something dreaded or unwanted may occur." Anxiety is "an un
pleasant emotional state." Fear may be regarded as a pre
disposition to perceive a specific set of conditions as a
threat and to react with anxiety when exposed to these condi
tions. (Beck & Rush, 1975» P* 7*0
The literature reveals a useful distinction between anxiety as
a trait and as a state.

This dichotomy has made possible correla

tions between the trait and other personality traits while allowing
for predictions of the state according to trait score.

The concept

of anxiety, while it has long had exponents in the cognitive school
(McReynolds, 1975)* appears to be gaining new adherents at the present
time, including those from the conditioning school.

The present study

uses the STAI, which various studies show to be useful.
The developer of the STAI believes that state-trait research
generally confirms the conditioning approach.

Thus the STAI must be

held to be consistent with the theoretical framework of the present
study.

At the same time, anxiety can be conceived cognitively in

such a way as not to clash with a conditioning approach.

This allows

for varying interpretations of results.

DEFINITION OF TERMS

A number of definitions are set forth for the purposes of this
study, including the following:
Anxiety neurosis, or test anxiety: for the purposes of this
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study, anxiety neurosis is defined as a neurosis in which the most
prominent symptom is anxiety that cannot he identified with any
particular cause and which, in many cases, is pervasive and affects
major areas of the individual's life (Chaplin, 1973» p. 32).

Test

anxiety is thus taken here as synonymous with general anxiety, with
out specific mention of testing situations as such.
Anxiety state (A-state);

"...

subjective, consciously per

ceived feelings of tension, apprehension, and nervousness accompanied
by or associated with activation of the autonomic nervous system . . ."
(Spielberger, 1975> p. 137).

In this study, A-state is measured by

the State Trait Anxiety Inventory for Children (STAIC), Form C-l
(Spielberger, Edwards, Montuori, & Lushene, 1970).
Anxiety trait (A-trait); " . . . relatively stable individual
differences in anxiety proneness, i.e., to differences among people
in the disposition or tendency to perceive a wide range of situations
as threatening and to respond to these situations with differential
elevations in state

anxiety . . . "

(Spielberger, l975i P* 137). In

this study, A-trait is measured by STAIC, Form C-2.
Electromyographic (EMG) biofeedback: that form of biofeedback
that occurs through the modality of monitoring and modifying muscular
tension— typically the frontalis (forehead) muscle in the case of
managing tension or anxiety.
Bio-feedback is simply the feedback of biological information
to the person whose biology it is. Feedback is a shorthand
term for something being "fed back" to the same something.
The expression developed in the field of engineering to define
control systems that operate via feedback mechanisms; those
systems which operate by their ability to detect changes in
the environment of their operation, then to make internal
adjustments so that their functions remain both optimal and
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continuously appropriate to the demands of the environment.
(Brown, 1970, pp- ^-5)
Specifically in this study, EMG biofeedback was examined as a means of
alleviating anxiety as measured by the STAIC, although other inci
dental results may occur (see Chapter III for further description of
apparatus, procedures, and statistical methodology).
Intellectual performance: for the purposes of this study, the
intellectual performance is defined as the cognitive process of
thinking, judging, and performing which produces a result and/or
behavior under a given situation.
Relaxation training; any method designed to induce a state of
deep relaxation in the individual.

These may range from purely

psychological methods such as meditation (Benson, 1975) and the pro
gressive relaxation of Jacobson (196^) to the biofeedback techniques.
For present purposes, relaxation training is synonymous with EMG
biofeedback.
Therapyt for the purpose of this study, therapy is defined as a
treatment directed toward the cure of mental disorders or to the
problems of everyday adjustment.

RESEARCH HYPOTHESES

The following hypotheses have been stated in null form:
1.

There is no difference in A-state or A-trait due to the

effects of EMG biofeedback training.
2.

There is no difference in problem-solving capabilities due

to effects of EMG biofeedback training.
3.

There is no difference in A-state or A-trait due to the

effects of EMG biofeedback training and unspecified therapy.
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4.

There is no difference in problem-solving capabilities due

to the effects of EMG biofeedback training and unspecified therapy.
5*

There are no differences among the three groups on A-state

or A-trait on either pre-test or post-test.
6.

There are no differences among the three groups on problem

solving capabilities on either pre-test or post-test.

ASSUMPTIONS

Three basic assumptions have been specified for the present
study, including the following:
1.

In defining test anxiety in terms of anxiety neurosis, the

study assumes that test anxiety has all the essential features of
anxiety in general.

This assumption is based on the literature

findings, which indicate that self-preoccupation is the definitive
cognition for anxiety.

It may well be, however, that anxiety will

need to be classified according to types of stressors, some of which
do not include critical evaluation or personal worth.
2.

It is assumed that anxiety has similar content and function

for different age groups.

Thus the findings of this study should have

generalizability beyond the children under study.
3.

It is assumed that, for EMG indices of anxiety, there is a

closer correspondence with self-report indices than for any other
physiological index used as a biofeedback modality.
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SCOPE OF STUDY

The scope of this study is described by the age group and
clinical population involved.

Thus while children are the subjects

under investigation, it is assumed that the results can be generalized
to other age groups.

The clinical population has been described as

consisting of children diagnosed as anxiety neurotics.

Thus the study

does not pretend to deal with all neuroses, much less with psychoses.
Since test anxiety has been taken as synonymous with anxiety neurosis
in this study, the findings may have broader implications than those
relating to intellectual performance.

LIMITATIONS OF STUDY

The following limitations are seen as applying to the present
study:
1.

Since the WISC-R is to be administered on both a pre-test

and post-test basis, the possibility of improvement in performance
simply by virtue of retaking a test must be taken into account.
However, since all groups, including the control group, are taking
the tests twice, there is good reason to believe that this factor in
improvement will operate equally among the three groups.

Nonetheless,

it is not possible to measure directly whether this is the case.

It

is believed that the STAI measures of anxiety are not subject to this
pre-test/post-test limitation.
2.

Since the groups under study constitute a clinical popula

tion— anxiety neurotics— it may not be possible to generalize freely
to "normal" populations.

All of the subjects would presumably score
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high on A-state, hut that could not he assured in advance.

The point

is that EMG hiofeedhack training may have different effects on low
A-trait individuals and high A-trait individuals.
3*

While it is generally believed that anxiety ranks as a

central component— if not the central component— in neurosis, the
findings of this study on anxiety neurosis cannot inevitahly he gen
eralized to other neuroses.

IMPLICATION OF STUDY

This study should have implications for those attempting to
conceptualize the nature of anxiety including its origin, development,
and elimination.

Even within the limitations noted, it should he

possible to make assessments concerning the treatment of neuroses
other than anxiety neuroses through EMG hiofeedhack.
No attempt was made to deal with other hiofeedhack modalities
in the present study.

Nonetheless, it was expected that at least

tentative statements could he made concerning the use of other modal
ities in the treatment of anxiety or of neurosis.
The study should have particularly broad implications for the
field of education.

As an institution that generates numerous situa

tions involving critical evaluation, education clearly generates
significant occasions for test anxiety.

While newer methods, such as

programmed instruction, at least seek to bypass anxiety-engendering
situations, such methods are still not prevalent.

The use of EMG

hiofeedhack in an educational setting may he both feasible and
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desirableo

The present study was seen as one means of helping to

determine the extent to which this is true.
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CHAPTER I I

REVIEW OF LITERATURE

This review of literature is divided into two parts.

In the

first section, the literature dealing with biofeedback is discussed.
In the second section, the literature on the effects of test anxiety
is summarized.

Continuity between the two sections is provided by

emphasis in the first section on the effects of biofeedback in re
ducing anxiety.

BIOFEEDBACK

In the United States the technique of biofeedback has been the
subject of research and experimentation for the past decade.

Earlier,

the voluntary control of internal bodily functions had been associated
with the meditative exercises of yoga and Zen Buddhism for countless
generations (Tart, 1975* PP* 153-280), and with the practice of
medical hypnosis and autogenic training more recently.

EEG records

of yogis and Zen monks during meditation show patterns not normally
found in waking, drowsing, or sleeping subjects or in people under
hypnotic trance (Jonas, 1973* PP* 2-J/t).

Considerable research had

also been undertaken in the Soviet Union and in Eastern Europe before
Western scientists had begun to study the phenomenon.
As currently utilized, the technique involves amplification of
minute biological electrical potentials into signals large enough to
record on a polygraph.

These signals are filtered to selected rhythms

22
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of a certain frequency, or to changes in a desired direction.

The

signals are then fed back to the subject by having him or her control
some device such as a tone generator or a slide projector.

In this

manner, the individual receives information in a useful form regard
ing his own bodily functions.
By adding a reward value to the information feedback, the sub
ject can be taught to gain some degree of control over heart rate,
blood pressure, galvanic skin response, muscle tension, or other
bodily function (Barber, DiCara, Kamiya, Miller, Shapiro, & Stoyva,
1971).

Change may take place either through feedback or through

operant conditioning; the literature shows disagreement on this point,
both with respect to the biofeedback procedure in particular and to
learning in general (Miller, Galanter, & Pribram, i9 60).
Sensory modalities for providing informational feedback to the
subject or patient are auditory, visual, and tactile.

Functions

monitored include alpha and theta brain rhythms by electroencephalo
gram (EEG), galvanic skin response (GSR), respiration, and muscular
contraction and tension through electromyograph (EMG).

The emphasis

in this review is primarily on EMG biofeedback, although occasional
reference is made to other forms of biofeedback for purposes of
illustration.

Electromyographic Biofeedback

Regarding EMG feedback, a number of experiments have been under
taken.

Considerable work has been done on retraining of muscles in

paralyzed patients.

Accounts of the use of EMG biofeedback with such
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patients include retraining after the following kinds of neuro
muscular disorders:

hemiplegia due to stroke, reversible physiologic

blocks as in the case of edema, causalgia true motor nerve injury in
which some fibers survive, and Bell palsy.

In all such cases, a

long-standing loss of function was reversed through EMG feedback
(Marinacci & Horande, i9 6 0 ).

The results of this and numerous other

studies have prompted the following general conclusion:
The work on EMG feedback for muscle retraining has established
the therapeutic effect of biofeedback training. Although there
are no controlled group outcome studies in the literature, the
prolonged baseline periods, during which no function is appar
ent, and the failure of previous attempts at traditional re
habilitation procedures probably make the data from the single
group studies almost as strong in terms of its reliability and
validity as would come from controlled group outcome study.
(Blanchard & Young, 1975» P* 193)
EMG feedback has been used to facilitate the acquisition of
speed in reading.

One of the major bars to rapid reading progress

is the persistence of subvocal speech during reading, a problem that
has proved difficult to correct.

In one study, the problem was

rapidly eliminated in a 17 -person sample through the use of auditory
EMG feedback of the activity of laryngeal muscles while subjects read '
silently.

Most subjects showed complete reduction within the first

5 minutes, and follow-up studies indicated that there was little
reversion to subvocalization after 3 months (Hardyck, I9 6 6).

The re

search also indicates that individuals can learn to relax muscles pro
foundly when they are provided with feedback on the level of EMG
activity (Green, I9 6 9 ).
EMG feedback has reportedly produced responses along a broad
spectrum of psychological, psychosomatic, and physical problems.

R e p r o d u ce d with p erm issio n o f th e copyrigh t ow n er. Further reproduction prohibited without p erm ission .

25

These have been reported as follows:
Primarily Emotional Problems
1. Anxiety
2. Phobias
3. Tension headache
b . Chronic headache
5* Social problems . . . unemployment
6. Learning problems, hyperactive children
7. Stage fright
8. Subvocalization
9. Insomnia
10. Alcoholism
11. Drug abuse
12. Depression with anxiety
Primarily Psychosomatic Problems
1. Asthma
2. Essential hypertension
3. Bruxism
Intestinal disorders (ulcer, colitis, spasms of smooth
muscles and sphincters)
5. Menstrual distress
Primarily Physical Problems
1. Muscle spasms with pain
2. Nerve-muscle injuries . . . stroke, paralysis
3. Hyperkinesias, dyskenisias
4. Spasticity
5* Cerebral palsy
6. Spasmodic torticollis
7. Tinnitis with anxiety
8. Migraine headache
9. Dystonias
10. Dysphonia (Brown, 1977» PP» 5^-55)
In numerous biofeedback studies subjects have been asked to
control their heart rate.

Work has been done on cardiac arrhythmias,

conduction disorders (Wolff-Parkinson-White syndrome), and other
clinical applications.

Surveying the literature, Blanchard and Young

concluded:
The rationale in the work on cardiac arrhythmias and cardiac
conduction disorders seems to have been that teaching patients
to control their HR will have a therapeutic effect on the
particular disorder. In spite of the methodological problems
. . . there are several conclusions we may tentatively draw:
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(l) in the work on PVCs, the nine cases indicate that a thera
peutic effect can be achieved through biofeedback; (2) in the
work on sinus tachycardia . . . that a therapeutic effect can
be obtained with this disorder; and (3 ) most of the work in
this area is inadequate in experimental controls. (Blanchard
& Young, 1975, PP. 208-209)
Considerable attention has also been paid to the problem of
hypertension in recent years.

Thus much research has focused on

biofeedback control of blood pressure.

The general conclusion of the

results of the research in this area is that:
The procedures used to evaluate the clinical application of
biofeedback training to BP are better than similar work on HR
and the cardiac arrhythmias. Good systematic case studies
showing large-scale effects on BP have been reported from two
different laboratories. A controlled group outcome has been
reported, which, despite its faults, seems to indicate that
large-scale changes in diastolic BP can be obtained . . . In
summary, it does appear that biofeedback procedures can have
beneficial effects on elevated BP. However, definite conclu
sions must await a controlled outcome study or a series of
single-subject experiments. Also it seems possible that the
biofeedback procedures may be only elaborate methods for
teaching relaxation. (Blanchard & Young, 1975, P* 213)
The final observation cited above is particularly interesting; relaxa
tion training is the main component in biofeedback approaches to re
ducing anxiety, as will be discussed later.
In addition, there is a growing body of research on the ability
to constrict or dilate peripheral blood vessels as a result of bio
feedback training.

One research project reported on two cases of a

disease (Raynaud's) in which peripheral constriction was so severe as
to lead to the possibility of gangrene.

One case, involving a man in

his 60 s with very cold feet, was treated through feedback of blood
volume in one toe.

The patient remained free of the troublesome

symptoms after a series of sessions for a ^kar and a half, but then
requested additional training.

A woman with cold hands was treated
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for 10 sessions, but no improvements were noted. (Blanchard & Young,
1975, p. 216).
EMG biofeedback training appears to have accumulated the
soundest experimental evidence of efficacy as compared to electro
encephalogram (EEG) and electroculargram (EOG) biofeedback training.
The latter two techniques remain of marginal relevance in the present
study and are considered further only to illustrate the general
utility value of biofeedback.
While the results of the experiments summarized so far appear
promising, many researchers entertain doubt concerning the effective
ness of the method in general.
It appears that biofeedback is a promising technique but it is
important to recognize that its effectiveness for clinical
purposes remains to be established. There are as yet no
double-blind, well-controlled studies with long-term (5-10
years) follow-ups which demonstrate specific effects. The
long-term follow-ups are particularly important with chronic
conditions that show spontaneous fluctuations over time.
Chronic symptoms are generally presented for treatment during
acute episodes and the spontaneous remission hypothesis is
still a viable one in this field. (Wickramasekera, 1976,
P-14)
Even when success is achieved in short-term treatment, as the
studies cited indicate, it is never entirely clear what the key
variables are:
It is assumed that the procedures used are "operant condition
ing," to which they bear some superficial similarities and the
informational feedback variable is the critical variable.
Other uncontrolled variables may include subject expectations,
experimenter expectations, interpersonal or relationship vari
ables (empathy, warmth, etc.), motivation and incentives, in
evitably increasing suggestibility in the biofeedback training
situation . . . , and baseline individual differences in
readiness to learn biological self control. (Wickramasekera,
1976, p. 14)
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Some of these variables are considered in the studies cited below.

EMG Biofeedback and Relaxation

Relaxation training through EMG feedback has been shown to be
helpful with physical problems.

For example, patients with neck

injuries and normal subjects were compared on ability to relax the
trapezius muscle (leading from the back of the head to the shoulder
blade) using EMG feedback (Jacobs & Felton, I9 6 9).

The results

showed higher levels of EMG activity during self-relaxation trials
for the patients with neck injuries than for the normals.

Following

feedback training, however, a dramatic relaxation in muscle tension
was achieved with very little training.
A number of studies of the effects of EMG feedback training on
tension headaches have been undertaken.

In one study (Budzynski,

Stoyva, & Adler, 1970), five subjects were given two to three 30minute sessions weekly for from 4 to 13 weeks.

Two weeks of baseline

recording were followed by training to reduce EMG of the frontalis
muscle using auditory feedback.
home practice in relaxation.

In addition, provision was made for

The incidence of headaches was elimi

nated or markedly reduced in three to five subjects.

Follow-up

treatment combined with home exercise eliminated the headaches of the
two remaining subjects.
In a related study by the same researchers (Budzynski, Stoyva,
Adler, & Mullaney, 1973)» 18 subjects were given two 30-minute
sessions a week for 8 weeks.
groups— two controls,

The subjects were divided into three

and Gg, and an experimental group.
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received a placebo; C2 received no treatment.

Four of the six

patients in the experimental group were headache-free after treatment;
one of the six in the placebo control group lost headache symptoms;
and none of the six in the Cg group showed any appreciable improve
ment.

In addition, a marked decrease occurred among experimental

subjects as regards the number of medicines taken, including tran
quilizers, but this was not true of the other two groups.
In another study (Epstein, Hersen, & Hemphill, no date) of a
single patient with a record of severe nervous tension headaches, the
following results were noted.

Using an A-B-A-B design, it was found

that during the patient's stay in the hospital the headaches dis
appeared and EMG activity was reduced during the treatment periods
(B); but the headaches returned during the second baseline period (A).
Additional EMG feedback training during outpatient follow-up showed
decreases in headache level with a return to the usual level during
the baseline period in an A-B-A design.

When home practice in re

laxation without additional biofeedback training was instituted, the
headaches were reduced markedly regardless of the medication used.

EMG Biofeedback and Other Relaxation Procedures

The relative effectiveness of EMG feedback compared with other
relaxation procedures has been noted.

Lader and Mathews (1971) noted

the low correlation between subjectively perceived physiological states
and the EMG recordings of those states.

The implication is that the

other techniques used to induce relaxation will not be as effective
because they cannot provide such accurate information to the subject.
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Budzynski and Stoyva (1969) had in fact found that subjects were able
to reach a relaxed state much more rapidly through use of EMG assist
ance than subjects using conventional relaxation techniques.

This

conclusion is also supported by Haynes and associates (Haynes,
Moseley, & McGowan, 1975)» who saw EMG feedback as a preferable method
of relaxation for desensitization therapy.
Another study compared EMG feedback with verbal feedback
(Kinsman, O'Banion, Robinson, & Staudenmayer, 1975)*
were based on EMG monitoring of frontalis activity.

Both approaches
Three consecu

tive daily sessions showed that EMG feedback was superior as a means
of inducing relaxation and in transferring effect to nonfeedback
trials.

Under EMG feedback, subjects also achieved superior accuracy

in self-evaluation.

In this regard, Staudenmayer and Kinsman (1975)

found that subjects tended to think their muscular tension was de
creasing in the absence of feedback information.

Regarding post

trial transfer, Staudenmayer, Kinsman, and Yaroush (1976) developed
two indices— one suited to clinical settings and one to research
settings•

Biofeedback and Transfer of Relaxation

Transfer of relaxation capabilities to in vivo situations is an
important issue in clinical uses of biofeedback.

Thus it is important

to know whether biofeedback is successful because it enables the sub
ject to attend increasingly to his own internal cues.

Reinking and

Kohl (1975) affirm that this is so, based on their finding that
repeated EMG sessions increased the correlation between EMG levels
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and self-reported levels of muscular tension.

The question of trans

fer to muscle sites other than the frontalis needs verification,
however.

Reinking and Kohl did not find that monetary reinforcement

or classical relaxation, when combined with EMG feedback, enhanced
the relaxation effect.

No consensus has been reached on the value of

EMG feedback, however.

Alexander (1975a), for example, found neither

agreement with EMG level and self-report level nor a transfer of train
ing from frontalis to other muscles.
Matus, Stilson, and Ball (1976) found that the agreement between
objective (EMG) and subjective levels varies with the individual.

The

crucial variable appeared to be whether the subject was an "aware"
individual to begin with.

Coursey (1975)» on the other hand, suggest

ed that relaxation is a motor skill that is learned in a stepwise
fashion; as such, the whole panoply of behavioral and cognitive tech
niques that have been developed to date can be utilized.

Thus

Meichenbaum (1975) outlined a procedure maximizing the effects of
biofeedback and utilizing these steps:

(a) conceptualization, pro

ducing awareness of maladaptive physiological responses; (b) training
and skill acquisition, done initially in a conscious and deliberate
manner; and (c) generalization to a nonfeedback situation, involving
the previously acquired cognitions and skills.

As Brown (1977) has

observed:
The use of such supporting measures and the success of this
shotgun type of technique raises many interesting questions
both about the role of traditional therapy for stress-related
problems and about biofeedback as well. (p. 98)
No consensus exists on the question whether EMG feedback is
sufficient by itself to induce the deepest states of relaxation.
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Certainly some studies (Kinsman et al., 1975* for example) indicate
that EMG feedback alone is superior to other relaxation approaches
used alone.

Combined with the

that EMG feedback

latter approaches, it

is superior; Farnes (197*0 found

is

not clear

a

combined approac

superior when using nonparametric statistical tests, but not when
using more stringent tests.

Individual differences in subject

characteristics have been found to affect treatment outcomes.

For

example, males outperformed females when quantitative-continuous and
terminal feedback

was employed (Caronite, 1972).

The generalview is that EMG feedback is the most promising of
biofeedback techniques, particularly for medical problems (Morris,
1976).

Still, other problems need further assessment, including the

role of subject motivation and the possibility of combining biofeed
back with other techniques (Schwartz, 1973)*
amassed on the effectiveness of EMG training.

Studies continue to be
Migraine headaches,

thought to be primarily a physical problem by Brown (1977)» have been
found to yield to biofeedback treatment of tension and blood flow.
Beasley (1976) demonstrated that only a combined approach using re
laxation and feedback warming of fingers was effective.

Turin and

Johnson (1976), however, found that finger warming alone was sufficient
to relieve migraine suffering.
Successful treatment of tension headaches has already been
mentioned.

Gox, Freundlich, and Meyer (1975) concluded that feedback

or relaxation instruction were equally effective as placebos, and
also fostered a sense of internal locus of control.

Chesney and

Shelton (1976) found relaxation treatment alone or in combination with
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feedback was more effective in reducing headache duration than feed
back alone; the combined treatment was superior to either single
treatment in reducing severity.

Either treatment alone was found to

be significantly superior to no treatment (Haynes, Griffin, Mooney, &
Parise, 1975).
Success in dealing with psychological states has also been
noted.

Alpha rhythm biofeedback has been used to foster creativity

(Green, Green, & Walters, 1970).

In addition to muscular relaxation,

control of hand temperature and increased alpha, the investigators
found body-image changes, feelings of tranquility, and hypnagogic and
dream-like images.

The effect of EMG feedback on muscular tension

has been noted above.

Its effect on a state with a psychological

dimension— anxiety— requires separate consideration.

EMG Biofeedback and Anxiety

EMG feedback for reduction of muscular tension is the typical
biofeedback method of dealing with anxiety.

In a major study of this

phenomenon, 10 persons with chronic anxiety were given 2- to 30-rainute
sessions a week for 10 to 25 weeks (Raskin, Johnson, & Rondestvedt,
1973).

After 8 weeks of baseline symptom recording, patients were

taught to relax using EMG feedback of the frontalis muscle.

When the

EMG was low with feedback, the patients were taught to remain relaxed
without feedback by fading out the feedback.

Five of the ten were

also given minor tranquilizers and daily in-home practice in relaxa
tion.

All patients learned to reduce EMG in session.

Four out of

the ten found an improvement in their anxiety symptoms; five out of
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six showed an improvement in their insomnia; and four out of four
showed an improvement of their tension headaches.
Another study with a control group tested the benefits of bio
feedback training in relieving college students of test anxiety
(Garrett & Silver, 1976a).

Thirty-six subjects received six to eight

sessions of 40 minutes each.

The treatment and control groups were

pre-tested on test anxiety and performance items.

The experimental

subjects were trained to produce high alpha states and lower EMG
levels while controls were untreated.
and grades were compared.

Both groups were post-tested

Experimentals decreased their EMG by ^0%

and increased percentage time in alpha by 21%.

The experimentals

showed less "test anxiety" than did controls on the questionnaire
at post-test, but there was no difference in test performance or
grade point average.
In a related study by the same researchers, 50 subjects were
selected from Introductory Psychology classes on the basis of higher
than normal anxiety and a grade point average below the university
median (Garrett & Silver, 1976b).

The subjects were randomly assigned

to five groups of 10 each, with minor adjustments made to equate the
groups on mean test anxiety score and mean grade point average.

The

same equipment was used as in the above experiment with the objective
of determining whether the test anxiety reduction could be replicated.
Subjects received two training sessions per week in alternate weeks,
for a total of 10 sessions.

Results were "better" than in the previ

ous experiment, perhaps due to the extended training period.

The

post-training questionnaire indicated that the training, in the
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judgment of the participants, developed an increased ability to relax.
No improvement in academic performance was noted.

Studies with Young Adults

Two pertinent studies with young adults have been reported.
Taylor, Wheeler, and Altman (l9^8) used the A-state scale to evaluate
changes in anxiety level as a function of variations in experimen
tally-induced stress for young sailors confined in isolation for
periods of up to eight days at the Naval Medical Research Institute,
Bethesda, Maryland.

Groups given instructions to expect simulated

missions that would require them to remain in isolation for 20 days,
and who "aborted" the mission before it was completed, reported more
anxiety (higher levels of A-state) than unsuccessful groups given
instructions to expect 4-day missions.

Similarly, groups with long

mission expectations who successfully completed the assigned mission
reported more anxiety (A-state) than successful groups with shortmission expectations.
Hall (1969) investigated the effects of anxiety on a programmed
learning task for 156 male high school seniors.

Subjects with high

and low scores on the STAI A-trait scale were randomly assigned to
stress and non-stress instructional conditions, and measures of A-state
were obtained at various points during the learning task.

Higher mean

A-state scores were obtained on the more difficult materials than on
the easy materials, and the performance of high A-state subjects on
the learning task was inferior to that of low A-state subjects.

Con

trary to expectation, the "non-stress" instructions evoked higher
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levels of A-state than instructions designed to he stressful.

The

reaction of Hall's subject to the experimental task would seem to
indicate that the non-stress condition was more threatening to them
than the stress condition.
Alexander (1975b) divided 28 subjects into four groups who were
measured on the State Trait Anxiety Inventory (STAl).

Auditory feed

back was found effective in reducing frontalis voltage while visual
feedback was not.

Moreover, it was found that some subjects responded

more successfully than did others.

The implication is that such per

sons are more apt to respond to treatment but may transfer the effects
of treatment to the environment outside the laboratory.

Cognition and Anxiety

It has already been suggested (Chapter i) that cognition may
play a role in the generation of anxiety.

The treatment of anxiety

may similarly involve cognition, or cognitive manipulation.

Thus

perception of physiological cues is itself a cognition which may
affect the degree of anxiety (Borkovec, 1973)*
that false feedback affects anxiety.

The possibility exists

Holmes and Frost (1976) con

ducted two experiments with 72 female undergraduates.

In between

electric shocks, subjects were told either that fear had increased or
that it had decreased.

Subjects in the first condition reported

greater anxiety increases and judged the second shock to be stronger
than did subjects in the second condition.

There were no actual

physiological differences between the two groups, however.
False feedback and expectancy instructions have been used to
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assess effect on anxiety (Linneman, 197*0«
undergraduates scoring high on test anxiety.

The subjects were female
Both conditions were found

to inhibit problem solving at three different anxiety levels.

How

ever, both groups had less confidence in the validity of the feedback
meter than did a control group.
Additional support may be cited for the centralist position.
Linton (1973) compared normal males with quadriplegics on false feed
back to sexually arousing slides.

No significant differences were

found in muscular or visceral response (heart rate), but cord-injured
males had a narrower response range— thus confirming a "Valins
effect".

Reduction in anxiety has also been achieved by fostering

belief in biofeedback.

The results were comparable to those making

actual use of feedback (Gibb, Stephan, & Rohm, 1975)*
Grim (1971) found respiration feedback effective in reducing
muscle tension and anxiety in nurses.

This kind of feedback reduced

anxiety at all levels but the lowest.

Using the Multiple Affect

Adjective Check List (MAACL), only anxiety was affected, and not
depression or hostility.

EMG feedback was found to be superior to

muscle relaxation training in reducing anxiety— but the latter method
was also effective (Canter, Condo, & Knott, 1975).

EMG feedback pro

duced larger reductions for a greater number of subjects.

EMG feed

back and body temperature feedback have been used in reducing anxiety
in two alcoholics (Green, Green, & Walters, 197*0.

The sense of self-

mastery was enhanced, thus enabling the patient to have greater con
tinuity during moments of stress.
EMG feedback and relaxation instructions were compared in
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reducing muscle tension and anxiety as measured by the Taylor MAS
(Haynes, Moseley, & McGowan, 1975)*
produced the greatest decrease.

In a one-session design, EMG

A comparison was made among pro

gressive relaxation, visual, auditory, and tactile EMG biofeedback
procedures (Schandler & Griggs, 1976).
given in pre-test and post-test.

The Anxiety Differential was

Feedback in the tactile modality

gave results comparable to progressive relaxation— both superior to
visual or auditory feedback.
A number of studies have investigated state and trait anxiety.
Johnson and Spielberger (1968) justified the distinction between
these two forms of anxiety on the basis of results of relaxation
training.

Stoudenmire (1972) used the STAI to measure A-state and

A-trait, the MAACL also to measure A-state, and the MAS to measure
A-trait.

After muscle relaxation training, significant decreases

were found on both measures of A-state for introverts, but not for
extraverts; there were no significant decreases in either introverts
or extraverts as regards A-trait— substantiating the above study.

EMG Biofeedback and Group Therapy

EMG was compared with group therapy in reducing anxiety, as
measured by the STAI and the Profile of Mood States (Townsend, House,
& Addario, 1975)*

Feedback subjects were given 2 weeks of EMG

training followed by 2 weeks of self-practice.

Significant decreases

in the feedback groups were found in EMG levels, mood disturbance,
A-trait, and to a lesser degree A-state; the group therapy subjects
had no such decreases.

Eno (1975) compared EMG training with
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Jacobson-Wolpe relaxation training, and a combination of EMG and
relaxation training for reducing state and trait anxiety was measured
by the STAI.

Among 50 veterans being treated at a VA Alcohol Treat

ment Unit, those receiving both EMG and relaxation training had
significantly lower anxiety than other treatment groups.

Pre-post

differences in A-trait were significant, but A-state differences were
not; however, the combined treatment group showed greater reduction
in A-state.

Goldenthal (1975) did not find differences in A-trait

to be predictive in anxiety reduction when using GSR feedback; there
were no main effects for feedback.

No differences were found between

successful and unsuccessful subjects in post-test measures of A-state.
Lawrence (1976) has reviewed a number of studies supported by
the Defense Advanced Research Projects Agency (ARPA).

He concluded:

There was no seriously impressive evidence that biofeedback
enhances performance under stress. Results were not entirely
negative, however, and there are some grounds for doubt as to
the adequacy with which the general performance hypothesis
was tested, (p. 76)
Some present and future trends were indicated:
Presently . . . it seems reasonable to anticipate only
that subjects can be trained to regulate general, not spe
cific, states and events. Such continua as arousal and vigi
lance levels may be thus amenable. It may be possible, for
instance, . . . that one might teach people to differentiate,
on a physiological level, between physical stress and psycho
logical stress. In many cases, the body responds identically
to both, and autonomic patterns appropriate to a fight or
flight situation may degrade effective coping with a stressful
examination or a tactical decision-making situation. If, in
the latter, persons could be trained to dampen a hyperactive
sympathetic ANS, a result both physiologically appropriate and
performance enhancing might ensue. (Lawrence, 1976, p. 81)
Herein lies the promise of biofeedback:

enhancement of per

formance in the social and symbolic environment where purely physical
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responses are no longer appropriate.

In the following section, the

effects of test anxiety on such performance is reviewed.

TEST ANXIETY AND PERFORMANCE

Sarason (1972), in a review of test anxiety research, has
stated:
The experimental study of test anxiety has much to
recommend it. It is less diffuse than more global concepts of
anxiety. It deals with a real problem, one of wide generality.
It is manageable because it is susceptible to manipulation and
study in laboratory situations. Whereas separation or castra
tion anxiety are less tailor-made for investigation in the
laboratory, tasks on which people, especially students, perform
have or easily can be made to take on face validity. (Sarason,
1972, pp. 394-395)
Research has established some basic facts concerning the
generation of test anxiety in students.

Parents, teachers, and peers

are seen as principal candidates as sources of test anxiety.

The

process of anxiety generation is believed to begin at an early age.
Thus it is found that for 72 preschool children, when overt signs
of worry (cognition) and emotional discomfort are exhibited by a
model— a child of similar age— anxiety increased in the children
(Morris, Brown, & Halbert, 1977).

No claim is made by the investi

gators, however, that such experiences are representative of the
child's learning history.

The findings do suggest that the child can

learn to believe that performance in school is crucial— for example,
to personal worth.

If parents, teachers, and peers mutually rein

force this notion, it may be difficult to escape anxiety.
There is some evidence that test anxiety may be fostered by
different cultures to different degrees:

Diaz-Guerrero (1976), for
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instance, found that Mexican children scored higher on three measures
of test anxiety than did American children.

Further comparisons

should be possible with the translation of the STAI into various
languages (Spielberger & Diaz-Guerrero, I97 6).
The learning environment can be manipulated.

Ambiguity is

believed to increase the dependence of students on interpersonal
cues— to observe models, for instance.

The introduction of pro

grammed instruction is believed to reduce that ambiguity while elimi
nating punishment in favor of reinforcement as a motivator.

Behavior

of teachers is also believed to be a variable that increases or
decreases anxiety.

In a programmed instructional environment, how

ever, Oner (1977) found that teacher feedback— its presence or
absence, and whether it is supportive or nonsupportive— had no effect
on anxiety level.

Anxiety level and type of feedback nonetheless

interacted to influence performance.

High-anxiety children, in sup

portive feedback, showed more restlessness.

"The nonfeedback condi

tion, which is assumed to accentuate test-like and evaluative aspects
of the program, elicited twice as many questions and requests for
help as did the feedback condition" (Oner, 1977* P* 184).

In general,

the researcher concluded:
Significant negative correlations between measures of
anxiety, intelligence, achievement, and defensiveness, as
well as significant performance difference between high and
low anxious groups, are supportive of earlier findings . . .
and also support Sarason and his colleagues' position that
anxiety has debilitating effects on intellectual and academic
functioning, (p. I8 5 )
An inverse correlation between test anxiety and intellectual
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performance has long "been noted.

Grooms and Endler (i9 6 0), for ex

ample, did not find significant differences between high- and lowanxiety college students on aptitude or achievement measures; "but
they did find a significant overall negative correlation between test
anxiety and the aptitude measure used; achievement did not correlate
with anxiety— as measured by the Test Anxiety Questionnaire (TAQ).
The relationship between anxiety and performance is not neces
sarily a simple one even when other variables are controlled.

Ever

since the relationship between stimulus strength and rapidity of
habit-formation was described as an inverted U (Yerkes & Dodson,
1908), the effect of anxiety has been described in similar curvi
linear fashion.

Thus simple measures of linear correlation, whether

positive or negative, are probably inappropriate.

One study

(Mandelson, 1973) manipulated anxiety by the instructions given to
96 seventh-grade foreign-language students rather than by preexist
ing levels of anxiety in those students.

Anxiety-arousing instruc

tions were found to increase levels of anxiety in students signi
ficantly more than anxiety-allaying instructions.

Mean anxiety scores

were higher for girls in both groups and in a control group.

The

higher the anxiety level, the better girls performed and the worse
boys performed.
Differentiating A-state and A-trait, Johnson (1968) found that
the former influenced time perception while the latter did not.
Straughan and Dufort (1969) found that relaxation instruction helped
anxious subjects in verbal recall but hindered nonanxious subjects.
A comparison using the STAIG, between children in traditional
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classrooms and those in individualized multiage programs (IMP), found
lower A-trait in IMP children (Papay, Costello, Hedl, & Spielherger,
1975)*

However, the lower A-trait was not associated with superior

performance.

Moreover, for second graders, the IMP environment

improved performance of high A-trait children but hindered performance
of low A-trait children.
Sarason (1973) found that low test anxiety in experimenters was
more influential on learners than was high test anxiety;
superior to high test-anxious subjects" (p. 270).
was evidently, in some way, a model.

"Low were

The experimenter

Extending this idea, Sarason

(1975c) presented different models to college students performing a
learning task.

He found that the model that displayed anxiety along

with methods for coping with it, i.e., that was self-disclosing, was
superior to other models in facilitation of performance.
Wine (1971) concluded that test-anxious students tend to be self
preoccupied, a fact which distracts them from the task at hand.
"Worry" is found to be a cognitive activity, one which is more dis
tracting from task performance than is autonomic arousal (emotion).
The implication is "that the test-anxious person's performance may
be improved by directing his attention to task relevant variables,
and away from self-evaluative rumination" (Wine, 1971» P« 101),
The complexity of questions touching on the influence of
anxiety may be suggested by a single issue:
anxiety itself.

the complexity of

Sarason (1972) has stated:

In the cognitive sphere, there are undesirable self-perceptions,
expectations, fears, and attitudes. In the autonomic sphere
there is heightened physiological reactivity. While highly
test-anxious individuals often function maladaptively in both,
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the variables that influence each sphere may not be identical.
There may be significant individual differences in the acquisi
tion and level of cognitive and emotional responses, (p. 3 9 6 )

THE WECHSLER INTELLIGENCE SCALE FOR CHILDREN

The Wechsler Intelligence Scale for Children-Revised (WISC-R)
was used in the present study as a measure of intellectual performance
in relation to test anxiety.

A brief review of the uses of the origi

nal WISC and of the WISC-R is presented here.
The original WISC was developed as an extension of the WechslerBellevue (W-B) Intelligence Scales for children.

Consisting of two

principal subscales— Verbal and Performance— and the full scale, the
WISC is a measure of deviation from norms based on the performance of
other children of the same age.

It was originally standardized on

2,200 white American boys and girls representative of the 1940 census
(Littell, i960, p. 132).

Among the strong points of the WISC-R are

its up-to-date construction and standardization.
Mentioned also as strong points were the facts that all of the
children are administered comparable batteries; the time of
administration appears to be shorter and more predictable than
comparable tests; it is easy to administer, interesting to
children, gives both Verbal and Performance IQ, provides IQs
directly comparable for various ages, appears to have potential
clinical use, and has an easily used manual. (Littell, i9 6 0 ,
P. 133)
For the decade 1950-1960, no studies of the predictive validity
of the WISC for various behaviors have come to light (p. 135)*

As

regards concurrent validity, a number of studies correlating the WISC
with the Stanford-Binet show correlations between .478 and .9 0 9 .
Generally the correlations are higher for the full scale of the WISC
(p. I3 6 ).

Of three studies, two found correlations of the full scale
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with the W-B of .87, and one of .72 (p. I3 8 ).

Other studies found a

similar range of correlations with other measures of intelligence
such as the SRA and the CTMM (p. 1A0).
By the end of the 1960s the WISC had come into considerably
wider use.

"The validity of the WISC is no longer in question; indeed

it has become the standard by which the newer measures are evaluated"
(Zimmerman & Woo-Sam, 1972, p. 232).
have been noted.

A number of additional findings

For example, it has been found that subjects

" . . . generally perform better under incentive conditions and that
obtained scores are vulnerable to examiner variables" (p. 2 3 2 ).
Split-half reliability has been assessed, with coefficients ranging
from .81 to .9 6 . Stability appears to be moderate to high, with
increase in scores attributable in part to practice effects.
Culture-bound characteristics were mentioned by Littell (i9 6 0 ),
and researched more systematically in the next decade (Zimmerman &
Woo-Sam, 1972, pp. 252-25^).

The WISC has been applied to various

categories of children, including the retarded, the gifted, visually
handicapped, hearing impaired, and those with speech disorders and
with reading disabilities.

Those with delinquent and behavior dis

orders, emotional disturbance, schizophrenia, and organic syndromes
have also been assessed through use of the WISC.

Regarding the

latter, the reviewers states
A specific test pattern or patterns that enable one to dis
tinguish brain-damaged children from other psychiatric groups
have yet to be found. In part, the difficulty stems from the
very concept of brain damage. . . . we need better classifica
tions of type of damage, location, duration, and the like.
(p. 263)
The WISC-R was published in 197^*

The revised version retained
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72% of the WISC items; 8% of those items were modified substantially#
"The WISC-R was standardized on 2,200 white and nonwhite American
children selected to be representative on the basis of data included
in the U, S. Census of 1970" (Sattler, 1974, p. 511)•

Thus some of

the cultural limitation of the WISC may have been eliminated in the
revision.

"Reliability coefficients for the 11 age groups range from

#95 to .96 (average of .9 6 ) for the Full Scale, from #91 to .96
(average of #94) for the Verbal Scale, and from .8 9 to #91 (average
of .9 0 ) for the Performance Scale" (p. 512).

Stability was .95 for

the Full Scale, .93 for the Verbal Scale, and .90 for the Performance
Scale (p.513)*

The WISC-R Full Scale correlates at .82 with the

WPPSI, .9 5 with the WAIS, and an average of .7 3 with the StanfordBinet (p. 5 1 5 ).
Among other advantages of the WISC-R are the extremely high
reliabilities, excellent standardization procedures, improvement in
procedures for administering, and an easy to use manual.

Among

limitations are nonuniformity of scaled scores, lack of representation
of certain age groups, continued cultural bias to an unknown degree,
and continued difficulty in interpreting test scores (pp. 516-5 2 0 ).

SUMMARY

Key aspects of the extensive literature on biofeedback were
reviewed.

EMG biofeedback was found to be the most promising of the

feedback approaches.

EMG was frequently found superior to other pro

cedures in producing relaxation and reducing anxiety.

EMG combined

with other relaxation procedures was sometimes more effective.
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Compared to some other anxieties, test anxiety is easier to
manipulate experimentally.

Intellectual performance was found to vary

with different levels of anxiety, hut not in a linear fashion.

The

distinction between state and trait anxiety was noted as a useful one.
The measure of intellectual performance used in this study, the
WISC-R, is a highly reliable instrument boasting ease of administra
tion.

Because of evidence that it is performance-oriented, it could

well be ideal in a study of test anxiety.
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CHAPTER I I I

METHODS AND PROCEDURES

This chapter summarizes the methods and procedures used in
collecting and analyzing the data.

Elements described include the

study's overall research design, independent and dependent variables,
the treatment methods, test instruments, and procedures for statis
tical analyses.

RESEARCH DESIGN

The design of the study was intended to facilitate measure
ment of change resulting from the EMG biofeedback training on the
criterion variable.

To achieve this end, a straightforward pre-post

design was utilized with three groups:
therapy, and the control group.

biofeedback, biofeedback and

All subjects were randomly assigned

to the three groups of 10 subjects each using a table of random
numbers.

Figure 1 presents the research design in schematic form.

SUBJECTS AND DIAGNOSTIC PROCEDURES

Subjects for the study were 30 children, ages 8-12, of both
sexes, who exhibited the symptomatology of the "Anxiety Neurosis"
and/or "Overanxious Reaction."

This diagnosis was arrived at for each

child through a thorough multidisciplinary approach.

This included

input from the Clinic's Child Psychiatrist, Clinical Psychologist,
Psychiatric Social Worker, parents, teachers, and other Child
Psychiatrists outside the clinic.

In addition, anxiety levels in all
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subjects were assessed prior to pre- and post-test administration,
through the use of the State Trait Anxiety Inventory for Children
(STAIC) (see Appendix A, p. 103).

The results of this test— particu

larly A-trait— were used to help substantiate the clinical diagnosis.
While the 90th percentile is usually the cutting point for designating
those as high on A-trait, Spielberger (197?) has indicated that even
the 75th percentile may be used as such a cutting point.

In this

instance the 75th percentile standard was adopted.
The problem-solving performance capabilities of the three groups,
as measured by six WISC-R subtests, were tested before and after the
experimental treatment.

Levels of anxiety were measured by STAIC in

all subjects prior to training.

VARIABLES

The dependent variables of the investigation included:
(1) the problem-solving ability demonstrated by all subjects,
as measured by the six WISC-R subtest scaled scores;
(2 ) the anxiety levels in all subjects prior to pre- and post
test administration.
The independent variables of the study were two different types
of training programs:

EMG biofeedback (group i); and EMG biofeedback

with relationship therapy (unspecified) (group II).

Highly anxious

children were taught to cope with and overcome anxiety through EMG
biofeedback training in the case of experimental group I.

In the case

of experimental group II, children were taught to cope with anxiety
through EMG biofeedback training and traditional (unspecified) psycho
therapeutic techniques.

The control group served as the wait group.
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TREATMENT METHOD

Since a number of psychologists were involved, it was difficult
to specify any one particular therapeutic orientation used with
experimental group II.

However, based upon prior experience, it may

be speculated that an eclectic and supportive therapeutic approach
was used.
Therapy was the only variable differentiating the training pro
cedures for the two experimental groups since both were exposed to
biofeedback training.

This training was intended to help the experi

mental subjects learn to overcome fears and anxiety— such as that
experienced in test situations— and to learn how to enter a state of
voluntary relaxation.

EMG biofeedback training provided cognitive

awareness of the physiological changes that take place in the body
during anxiety producing situations as an intended step toward selfcontrol .
The internally connected M55/LGS - 150 EMG feedback score keep
ing system, manufactured by J. and J. Enterprises, Poluske, Washington,
was utilized to detect and monitor EMG activity during baseline
sessions and to provide auditory analog feedback for varying EMG
levels present during the individual training sessions.
For this purpose, the Model M55 EMG has several types of auditory
feedback functions available.

However, for this study, the feedback

was presented in the form of a continuous stream of clicks.

The

initial rate and pitch of the clicks was maintained at approximately
the same level for all subjects.

This was done to ensure that there

would be sufficient differences in pitch available for rising or

R e p r o d u ce d with p erm issio n of th e copyrigh t ow n er. Further reproduction prohibited without p erm ission .

falling EMG levels, thus allowing the subjects to discriminate easily
any changes that might occur.

A filter, setting A on the M55» with a

lower limit of 100 Hz and an upper limit of 200 Hz, was utilized
throughout the study to control for EKG artifacts and 60 cycle inter
ference (Hampstead, 1977).
Data from the individual trials (for each subject in the two
experimental groups) were accumulated by the LGS - 150» and the
amount of EMG activity present during the trials was automatically
averaged and displayed in digital form on a 3*5 inch display, accurate
to two decimal places (Hampstead, 1977).
Differential surface EMG recordings were obtained from three
silver/silver chloride electrodes provided with the equipment.

The

two active electrodes were placed approximately one inch above and
centered on the eye.

The ground electrode was placed equidistant

from either active electrode and centered on the midline of the fore
head.

All electrodes were held in place by individual adhesive discs.

Rrontalis muscle skin sites were prepared by wiping of the area with a
pad soaked in a 70^ alcohol solution, gentle wiping of the area with
an abrasive pad, and recleansing with a new alcohol pad.
was used as an electrode interface.

Redux paste

After positioning, reference to

active electrode resistance was checked on each preparation and main
tained between 3k and $k ohms (Hampstead, 1978).

LABORATORY PROCEDURE

The subjects were accompanied to the investigator's office and
were seated in a comfortable lounge chair on the opposite side of a
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x V

paneled wooden frame partition from the experimenter.

Tem

perature within the office was maintained at a very comfortable level.
Indirect lighting was provided by a floor lamp utilizing a 40 watt
soft light bulb, situated approximately 20 inches behind the sub
ject's chair.

A 6 x 6 inch speaker, attached by cord to the EMG,

was positioned behind an equal size opening in the partition at
seated ear level to provide the subject with auditory analog feedback
during training sessions.

A 13 x 9 inch one-way mirror was used to

observe the subject during the training sessions.

The electrode

cable ran through an opening in the partition and was connected to
the EMG located on the examiner's desk.

Both the EMG and the data

accumulator remained out of the subject's sight during all sessions.
Figure 2 displays the office floor plan that was used during the
study.
Prior to the first baseline sessions, each subject was oriented
to the function of the equipment, while the electrodes were attached
to the experimenter's hand.

Any specific questions the subject had

regarding the equipment or the feedback tone were answered at this
time.

During the subsequent baseline sessions, the subjects were

asked to rate how relaxed they felt while they were sitting very
quietly with their eyes closed.

During the training sessions, it was

suggested that their task would be to keep the rate of the clicks as
slow as possible at all times.

They were also asked to try to

remember physical feelings associated with the slow clicks, and to
"practice" achieving these feelings outside the clinic (home, school,
etc.) between sessions.

At no time was any other specific relaxation
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procedure discussed or suggested than that described above (Hampstead,
1977).
For both experimental groups, an A-B-A design was used.

Condi

tion A, which comprised 3 sessions, was the recording of normally
occurring resting frontalis EMG electrical activity without feedback.
Condition B was the training phase, comprising 6 sessions, during
which response contingent auditory analog feedback was present.
Sessions were scheduled three (3 ) times a week, at the same time of
day, with one day separating the sessions.
minutes.

Session length was ^0

All condition A sessions consisted of 80 30-second trials,

with the resting frontalis EMG activity being monitored and recorded.
Condition B training sessions consisted of 60 30-second successive
trials with auditory feedback being present.

Ten 30-second within

session baseline trials preceded and followed the actual training
trials.

After completion of the experiment, post-testing with the

6 WISC-R subtests was conducted on all subjects.

Differences between

the pre- and post-test scaled scores, like anxiety levels, were evalu
ated by means of ANOVA and Wilcoxon matched pair signed ranked test
respectively.
Experimental group II also went through once-a-week traditional
therapy (unspecified) sessions.

The control group, designated as the

"wait" group, did not receive any therapy or biofeedback training.
Post-testing, which was completed within 2 weeks, occurred
after approximately 10 weeks of treatment time.

Before and after

scores were then compared and contrasted for significant differences.
Significance level was determined at the .05 level of probability.
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TEST INSTRUMENTS

EMG Mode M55 was used by subjects in both experimental groups
during their training.

Thus the machine itself became one of the

test instruments of the study for data collection purposes.

The

State Trait Anxiety Inventory for Children (STAIC), developed by
Spielberger, Edwards, Lushene, Montuori, and Platzek (1973) was
used to measure anxiety levels of all the subjects before and after
the experimental treatment.

The STAIC is comprised of separate

self-report scales for measuring two distinct anxiety concepts:
state anxiety (A-state) and trait anxiety (A-trait).

The STAIC

A-state consists of 20 statements that ask children how they feel at
a "particular moment in time".

The STAIC A-trait scale also consists

of 20 item statements, but subjects respond to these items by indi
cating how they "generally" feel.

The STAIC A-state and A-trait

scales are printed on opposite sides of a single page test form and
are identified to S's as a "How I Feel Questionnaire".

The A-state

is designated C—1; the A-trait scale is designated C-2 (Spielberger
et al., 1973) (see Appendix A).
The Wechsler Intelligence Scale for Children— Revised Edition—
(The Psychological Corporation, 197*0 was used to measure the problem
solving test performance of all subjects (for the 3 groups), both
before and after experimental treatment.

The WISC-R scales are

divided into two groups of subtests, which measure verbal and per
formance abilities respectively.

The following subtests were used to

measure the problem-solving test performance of all subjects:
(1)

a digit-symbol (or coding) test which requires the subject
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to match symbols with digits in a test of speed, accuracy and visual
memory (test is timed);
(2) a picture completion test that requires subjects to note a
missing detail;
(3 ) a block design test that requires subjects to copy by the
proper arrangement of nine cubes— there are several designs of
increasing complexity (test is timed);
(*0 a picture arrangement test that requires the arrangement of
cards into a series that tells a story (test is timed);
(5) an object assembly test that requires the correct arrange
ment of the pieces of a disassembled object (test is timed); and
(6) an arithmetic test that requires no use of paper and pencil
to solve increasingly difficult methematical problems.

This test is

also timed.

STATISTICAL ANALYSIS

Prom pre- and post-test comparisons of scores derived from
WISC-R subtest scores for the three sample population groups, it was
determined whether the experimental group subjects did or did not
learn significantly to reduce the level of anxiety through induction
of a relaxed state and through control of anxiety levels.
The null hypotheses tested were noted in Chapter I.

They may

be stated in operational form as follows:
1.

There are no differences between pre-test and post-test

measures in group I on STAIC variables A-state and A-trait.
2.

There are no differences between pre-test and post-test

R e p r o d u ce d with p erm issio n of th e cop yrigh t ow n er. Further reproduction prohibited w ithout p erm ission .

58

measures in group I on the 6 WISC-R measures.
3*

There are no differences between pre-test and post-test

measures in group II on STAIC variables A-state and A-trait.
There are no differences between pre-test and post-test

k.

measures in group II on the 6 WISC-R measures.
5.

Groups I, II, and III do not differ on the 2 STAIC measures,

on either pre-test or post-test.
6.
measures,

Groups I, II, and III do not differ

onthe 6 WISC-R

on either pre-test or post-test.

Anxiety measures (see Appendix D, p. 118) were examined descrip
tively in terms of raw, percentile, and T scores.

Means were computed

on these

scores for the three groups

separately and for

a whole.

EMG frontalis readings were recorded for each individual

the sampleas

in group I and II across 12 trials: 3 trials in baseline (phase A^),
6 trials

in treatment (phase B), and

(phase A2 ).

3 trials in second

form (see

Appendices B and C, pp. 106 and 109).

score was

computed for each of the phases for

uals.

baseline

These readings were recorded in both tabular and graphic
A mean EMG
both

group andindivid

Finally, correlation coefficients (Pearson Product Moment) of

changes in frontalis EMG over the 12 trials were computed of each
individual in the experimental groups.
All data were analyzed using ANOVA,

Where significant Fs

occurred, pairwise comparisons (Fisher's Protected Least Significant
Difference) were used to test for significant differences among group
means.

To detect pre- and post-test differences in both A-state and

A-trait anxiety levels for all the groups, the Wilcoxon matched pair
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signed ranked test was used.

Two-way ANOVAs were applied to assess

main and interaction effects of group membership and IQ levels with
performance on the 6 WISC-R measures as the dependent variable.
purpose of computation, IQ was divided into three levels:

For

above

average ( > 1 1 0 ), average (90-1 0 9 )» below average ( < 8 9 ).
The results of these statistical descriptions and analyses were
presented in Chapter IV, and their implications for the study were
presented in Chapter V.
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CHAPTER IV

PRESENTATION OP RESULTS

This chapter presents the results of testing the null hypotheses
stated in the previous chapter.

Data on measures of anxiety and

intellectual performance are presented for the three groups.

In

addition, outcome data on frontalis EMG are displayed across the 12
trials for the two experimental groups.
the following order:

The results are discussed in

EMG measures and performance on 6 WISC-R

subtests.

ELECTROMYOGRAPHIC BIOFEEDBACK

For group I as a whole, the mean EMG measures for phases A^, B,
and A2 respectively were 2.305, 1.657, and 1.^7^.

A one-way ANOVA

was conducted to assess whether this decline was significant.

Table 1

shows that the differences among the phase means are significant
exceeding the .05 level.

The phase means for group II are 2.298,

I.6 7 8 , and 1.55^ respectively.

Table 2 shows differences among these

means to be highly significant as well.
A more detailed analysis of drop in EMG levels was conducted by
computing correlation coefficients for each individual across the 12
trials.

Thus both group means and phase means were ignored in favor

of particular observations.

For 12 trials, the critical r for rejec

tion of the null hypothesis of no decrease in frontalis tension is
.576.

Accordingly, Table 3 shows significant decline for all but

one subject in group I.

Table ^ shows that 6 of the 10 subjects in

60
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Table 1
ANOVA for Group I, EMG

Source

Sum of
Squares

Degrees of
Freedom

Between

2 .31590*4'

9

Within

5.283310

20

Treatment

3.813128

2

Residual

1.470182

18

Total

7.599214

29

Mean Square

1.907

F

23.34*

.81685-01

*p<.05

Table 2
ANOVA for Group II , EMG

Source

Sum of
Squares

Between

6.721328

9

Within

5.414729

20

Degrees of
Freedom

Treatment

3.171878

2

Residual

2.242851

18

Total

12.13606

Mean Square

1.586

F

12.73*

.1246

29

*P<.05

group II showed significant declines in EMG readings across 12 trials,
Thus It appears that, for these two groups at least, EMG BF training
alone is more effective in reducing frontalis tension than when it is
combined with therapy.

Collectively, however, both treatments appear
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Complete frontalis EMG data for both experimental groups I and
II is found in Appendices B and C.

As the graphs in Appendix C

typically show, subjects generally show declines in frontalis tension
during both Training (B) and second baseline (Ag) phases.

Table 3
Correlation Coefficients for Group I (BF)

s#
1

r
-.2019*

2

-.7118*

3

-.6950*

*f

-.2791

5

-.6*1-80*

6

-,8?80*

7

-. 90*1-2*

8

— .885*4-*

9

-.5959*

10

-.8528*

*£<•05
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Table h
Correlation Coefficients for Group II (BF + TH)

s#

r

1

-.8702*

2

-.^3^8

3

-.0^90

4

-.9077*

5

-.^396

6

-.7^38*

7

-.800^*

8

-.3281

9

-.7721*

10

-.82^3*

*p .0 5
ANXIETY

The STAIC was used both to corroborate the clinical diagnoses
of anxiety made by an interdisciplinary team and to assess reductions
in A-state and A-trait.

These two issues are addressed in that order.

Clinical Corroboration

Percentile scores on A-state (C^ on the STAIC) and A-trait (C^)
for the three groups may be found in Appendix D.

Using A-trait as

corroborating criterion, 7 of the 10 subjects in group I scored higher
than the 90th percentile; 3 in group II scored as high; and k in group
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III did so.

Thus lUr o f the sample— or about ^-7 percent— made the

criterion of " v e r y anxious" by the usual standard.

According to

Spielberger (1977)* the 80th or 75th percentiles can be used as cut
ting points for this purpose.

Using the 80th percentile, it was

found that 20— or 67 percent— made the cutting point.

All of the

subjects, in the three groups, made the 75th percentile cutting
point.

Thus, half of the entire sample met both diagnostic and

psychometric criteria for "highly anxious", depending on the cutting
point used.

Assessing Differences in Anxiety

Table 5 shows raw, percentile, and T scores for the sample as a
whole.

These scores were abstracted from the STAIC manual

(Spielberger, Edwards, Lushene, Montuori, & Platzek, 1973)*

The table

reveals a drop in 38 percentile points in A-state and 9 percentile
points in A-trait; and a T score decrease of 12 and 2 for the two
respective measures.
Hypotheses 1, 3, and 5 were evaluated through examination of
group scores.

For descriptive purposes, Table 6 indicates the mean

scores for the three groups, with pre-post comparisons made for each
group.

Under hypothesis 1, there should be no significant pre-post

difference for group I.

Table 7 shows pre-post comparisons using the

Wilcoxon signed ranks matched pair test, based on percentile scores.
This test does not assume normality, but it can operate with ordered
metric scales.

Changes in both A-state (C^) and A-trait (Cg) were

found to be highly significant.

Since the hypothesis was stated in
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null form, a 2-tail test was employed.

Based on the results of the

Wilcoxon test, it is possible to reject hypothesis 1, which concerned
changes in measures of anxiety.

Table 5
Mean STAIC Raw and Percentile Scores for the Sample

pre-

Score
Raw

°i

C2

post-

post-

39.22

Percentile
T score
= A-state

C2
pre-

29.95

3 9 .8 7

91

70

53

61

63

55

51

53

C^ = A-trait

Hypothesis 3 states that there will be no significant pre-post
differences in the two STAIC measures.
hypothesis can also be rejected.

Table 7 indicates that this

Inspection of Table 6 reveals that

of the three groups, group II shows the largest change in either STAIC
measure— in A-state.
be significant.

Pre-post changes for all 3 groups are found to

Both groups I and II showed comparable drops in per

centile rank scores in Table 6, but this apparent similarity does not
appear in the T scores.

Nonetheless, the signed ranks test yielded

significant results for all 3 groups, especially groups I and II.
Hypothesis 5 states that there will be no significant differences
between groups on either pre-test or post-test measures of either STAIC
variable.

Table 7 shows pairwise comparisons between 2 given groups

for a given measure (pre-test or post-test) and a given variable
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Table 6
Group Means

Gi

°2

pre-

pre-

Raw

39.3

42.8

29

32.4

-10.3

-10.4

Percentile

91

76

43

22

-48

-54

T score

63

57

48

42

-15

-15

Raw

40.2

37.1

28.6

45.2

-11.6

+ 8.1

Percentile

92

43

43

85

-49

442

T score

64

57

44

60

-20

+ 3

Raw

38.1

44.5

3 2 .2

42.0

- 6.0

- 2.5

Percentile

89

83

73

73

-21

-10

T score

62

60

54

56

- 8

- 4

Scores

ci

C2

post-- post-

ci

C2

change

change

Group I

Group II

Group III

= A-state

(A-state or A-trait).

= A-trait

As the table shows, significant differences

between groups are shown for only 2 comparisons— post-test between
groups I and III and between groups II and III on A-state.

In Table

6, by contrast, the largest difference is the post-test difference on
A-trait between groups I and II; but even this difference does not
approach a .05 level.

The next largest difference is the same post

test comparison for A-trait.

These differences may be accounted for,
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Table 7
Group Comparisons on STAIC

Na
A.

Pc

Pre-post Comparisons

Group I
A-state
A-trait

10
10

0
0

.01
.01

A-state
A-trait

10
10

1
0

.01
.01

A-state
A-trait

10
9

5
3

.02
.02

Pre-test
Post-test

9
10

16
18

n.s.
n.s.

Pre-test
Post-test

10
10

21
6.5

n.s.
.05

Pre-test
Post-test

9
9

13.5
3.5

n.s.
.05

Pre-test
Post-test

9
9

9
21.5

n.s.
n.s.

Pre-test
Post-test

10
10

21.5
21

n.s.
n.s.

Pre-test
Post-test

8
9

11.5
12.5

n.s.
n.s.

Group II

Group III

B.

Between-group Comparisons

A-state
I-II

I-III

II-III

A-trait
I-II

I-III

II-III

awhere N 10, 1 or more comparisons had 0 change.
^This is the T-statistic for the Wilcoxon test, not the T score
referred to previously.
CBased on 2-tail test.
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at least In part, by the Increase in post-test STAIC scores for group
II, as shown in Table 6.

For all but 2 comparisons, hypothesis 5

cannot be rejected.
It appears that anxiety, as measured by the STAIC, at least in
this sample of subjects, decreases with either treatment— BF training
alone or combined with therapy— based on pre-post comparisons.

This

decrease is stronger for A-state, based on between group comparisons.
The significance of these findings is discussed in the next chapter.
The possibility that other measures of personal functioning would also
show significant improvement with treatment is explored below.

INTELLECTUAL FUNCTIONING

Hypotheses 2, 4, and 6 refer to the performance of subjects on
6 measures from the WISC-R:

arithmetic, picture completion, picture

arrangement, block design, object assembly, and coding.

Appendix D

shows individual scores on pre-test and post-test for these 6 measures.
Results of tests for the 3 hypotheses are presented in Tables 8, 9*
and 10.

Hypothesis 2 states that there should be no pre-post differ

ence in any WISC-R subtest for group I.

Hypothesis k states that there

should be no pre-post difference in any WISC-R subtest for group II.
Hypothesis 6 states that no difference will exist among the 3 groups
on either pre-test or post-test measures of the WISC-R.

Each of the

6 WISC-R subtests is examined separately below for purposes of testing
these 3 hypotheses.
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Table 8
Pre-Post Differences for 3 Groups, Arithmetic

Group

Sample Size

Std. Dev.

Variance

1

10

Mean

0.100

2.183

4.767

2

10

1 .0 0 0

I.9W

3 .7 7 8

3

10

-0.100

1.197

1.433

Table 9
ANOVA of Pre-Post Differences among 3 Groups

Sum of
Squares

Degrees of
Freedom

Mean Square

F

6.867

2

3.433

1 .0 3 2

Within Gr

89.800

27

3.326

Total

96.667

29

Source
Groups

*£<.05

Table 10
Numerical Distribution by Group and General IQ

BF

BF+T

C

HI

5

3

2

10

AV

5

5

8

18

LO

0

2

0

2
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Arithmetic Subtest

Table 8 shows the mean pre-post differences for performance on
this subtest.

Inspection of these means gives little cause for

rejecting either hypothesis 2 or hypothesis U . In Table 9> the ANOVA
reveals no significant difference among the different means.

Had the

observed F value exceeded the .05 or even .10 value of F for the F
distribution for these group sizes (3*35 and 2.51» respectively),
pairwise comparisons using t tests would have been undertaken.
As it is, no differences can be inferred; thus one cannot reject
hypothesis 6.

One further test of hypothesis 6 was undertaken, taking

into account the possible effects of general IQ and group— both main
and interaction— on arithmetic performance.

Classifying subjects

from the 3 groups into categories of low, average, and high IQ, as
Table 10 does, results in 2 empty cells in the low category, with only
2 subjects in the group II cell.

Table 11 shows the cell means for

this cross-classification, eliminating those 2 subjects.

Table 12

reveals no significant differences for either group, IQ, or the inter
action between the 2 factors.

In this case, hypothesis 6 was rejected.

Picture Completion Subtest

For this subtest, pre-post difference means for the 3 groups
were 2.5, 2.6, and 0.1.

Table 13 shows that the ANOVA reveals a

significant difference among the means.

This difference is specified

in Table 1^ as existing between groups I and III and between groups
II and III.

The critical value for t that would reject the null

hypothesis at the .05 level of significance is 2.052.

Thus one may
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T a b le 11

Arithmetic Subtest by Group and IQ

I.Q.
Low

Factor Group Level
N

1

5
.2 0000

Mean

2

3

High
5
.00000
3 .0 0 0 0

Std. Dev.

1.3038

N

5

3

Mean

1 .2 0 0 0

2 .0 0 0 0

Std. Dev.

1.3038

2 .0 0 0 0

N

8

2

Mean
Std. Dev.

.00000
1.3093

- .5 0 0 0 0
.70711

infer that there is no difference between the 2 treatment groups, but
that they differ from the control group.
Taking overall IQ into account, the data in Table 15 shows cell
means, by group and IQ.

A preliminary ANOVA revealed overall signifi

cance— i.e., that the 2 factors together account for variations in
this subtest.

Table 16 reveals these variations further, and reveals

that group alone accounts for them— with no significant main effect
for IQ and no significant interaction effect.
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Table 12
Least Squares ANOVA of Arithmetic Subtest, Group x IQ

Least Squares ANOVA
DF

Source

ss

Cells

5

14.76

Group eliminating IQ

2

1 2 .9 8

MS

F

6.49

2.04

IQ eliminating Group

1

0.01

0.01

0.00

Group by IQ

2

1 .6 9

0 .8 5

0.27

3 .1 9

Within

22

7 0 .1 0

Total

27

84.86

*£<•05
Table 13
ANOVA for Picture Completion Means

Source

SS

DF

MS

F
7.533*

Groups

40.067

2

2 0 .0 3 3

Within GR

71.800

27

2.659

111.867

29

Total
*P<.05
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T a b le 14
Pairwise Comparisons for Picture Completion Means

Group

Group

1

2

1

3

2

3

Two Sample
t-Value

DF

Prob.

Mean
Difference

-0.137

27

0 .8 9 2

-0 .1 0 0

3.291

27

0 .0 0 3

2.400

3.428

27

2 .5 0 0

2 .5 0 0

Table 15
Picture Completion Subtest by Group and IQ

I.Q.
Factor Group Level
1

2

3

High

Low

N

5

5

Mean

2 .2 0 0 0

2.8000

Std. Dev.

1.9235

1.9235

N

5

3
2 .0 0 0 0

Mean

2 .6 0 0 0

Std. Dev.

1.1402

N

8

Mean
Std. Dev.

.00000
2

.12500
1.6421

.00000
1.414-2
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Table 16
ANOVA of Picture Completion Subtest, Group x IQ

Least Squares ANOVA
F

Source

DF

Cells

5

37.00

Group eliminating IQ

2

33.01

16.50

0.00
0 .3 2

SS

MS

IQ eliminating group

1

0.01

0.01

Group by IQ

2

1 .5 9

0.80

Within

22

5 5 .6 7

2.53

Total

27

9 2 .6 8

6.52

*]?<:•05
Picture Arrangement Subtest

Group II displayed the highest mean change in performance on
Picture Arrangement, with 4.2 as the mean scaled score gain.
followed with a mean of 2.1, and group III with a mean of 1.6.

Group I
Table

17 assessed this set of means by ANOVA, and narrowly failed to find
differences significant at the .05 level.
significance to merit pairwise comparisons.

This was close enough to
Table 18 found that the

only significant difference in means was between groups II and III—
significant at the .0 5 level.
Considering general IQ as a factor, Table 19 reveals the set of
cell means.

A preliminary ANOVA was not significant.

Table 20 shows

an ANOVA that systematically examined main and interaction effects
without establishing significant sources of variation.

This finding

bears out the lack of significance for the ANOVA in Table 1?.
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Table 17
ANOVA for Picture Arrangement Means

SS

Source

DF

MS

F
3.234

3 8 .06?

2

10.033

Within Gr

158.900

27

5.885

Total

196.967

29

Groups

*v< -

05
Table 18
Pairwise Comparisons for Picture Arrangement Means

Two Sample
_t-Value

r,

Mean
Difference

Group

Group

1

2

-1.936

27

O.O63

-2 .1 0 0

1

3

0.461

27

0.649

0 .5 0 0

2

3

2.397

27

0.024

2 .6 0 0
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Table 19

Picture Arrangement Subtest, by Group and IQ

I.Q.
Factor Group Level
I

Low

N

2

3

High

5

5

Mean

2.2000

2.0000

Std. Dev.

1.7889

3.0000

N

5

3

Mean

5.0000

3.0000
4.0000

Std. Dev.

1.8708

N

8

2

Mean

1.5000

2.0000

Std. Dev.

2.3905

2.8284

Table 20
ANOVA of Picture Arrangement Subtest, Group x IQ

Least Squares ANOVA
Source

DF

SS

MS

F

Cells

5

42.16

Group eliminating IQ

2

35.29

17.65

IQ eliminating Group

1

1.99

1.99

0 .3 1

Group by IQ

2

6.01

3.00

0.46

Within

22

142.80

6.49

Total

27

184.96

2.72

*p<.05
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Block Design Subtest

Group I shows the highest gain on the Block Design subtest,
having a mean of 2.6.

Group II followed with a mean change of 1.6,

while group III actually decreased by 0.6.

Table 21 reveals an

ANOVA indicating a highly significant variation among these means.
When the groups are compared pairwise, only the difference between
groups I and II failed to be significant.

Thus one can infer that

both experimental groups differ significantly from the control group
(see Table 22).

Table 21
ANOVA for Block Design Means

DF

MS

5 3 .6 0 0

2

2 6 .8 0 0

Within Gr

1 19 .2 0 0

27

kM 5

Total

172 .8 0 0

29

Source
Groups

SS

F

6 .070*

*£<.05

IQ was considered as a control factor in Table 23.

Preliminary

ANOVA reveals highly significant variation as a result of these 2
factors together.

Table 2 k indicates, however, that only group is

at all significant as a source of variation— and that finding was
highly significant.

Neither the main effect of IQ nor the inter

action between group and IQ significantly affected variations in
changes in Block Design performance.
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Table 22
Pairwise Comparisons for Block Design Means

Group

Group

1

Two Sample
t-Value

DF

Prob.

Mean
Difference

2

1.064

27

0.297

1.000

1

3

3.405

27

0 .0 0 2

3 .2 0 0

2

3

2.341

27

0.027

2 .2 0 0

Table 23
Block Design Subtest, by Group and IQ

Factor IQ
Factor Group Level
1

2

N

5

Mean

3 .8 0 0 0

1.4000

Std. Dev.

3.6332

2 .3 0 2 2

N

5

3

Mean

1 .2 0 0 0

2.3333

5

.8 3 6 6 6

Std. Dev.
3

2

1

2.0817

N

8

2

Mean

-.7 5 0 0 0

.0000

Std. Dev.

1.2817

.0000
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Table Zk

ANOVA of Block Design Subtest, Group x IQ

Least Squares ANOVA
Source

DF

SS

F

MS

Cells

5

71. 1k

Group eliminating IQ

2

53.87

26.93

IQ eliminating Group

1

1.20

1.20

0.27

Group by IQ

2

16.51

8.26

1.87

k .k l

Within

22

96.97

Total

27

168.11

6.11

*P<.05
Object Assembly Subtest

On this subtest, group I showed the highest mean change, with a
mean improvement of 3*1•
1.8 and 0.7, respectively.

Groups II and III followed with means of
Table 25 shows that ANOVA established a

highly significant variation between these group means.

Table 26,

however, shows that only the difference between groups I and III was
significant.
IQ was introduced as a factor in performance change in Table 27.
Preliminary ANOVA did not reveal the set of factors as predictive of
change.

The results of ANOVA that examined main and interaction

effects of group and IQ are presented in Table 28.

Again, only the

main effect of group was revealed to be significant.
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Table 25
ANOVA for Object Assembly Means

SS

Source

MS

DF

Groups

28.867

2

14.433

Within Gr

88.600

27

3.281

Total

1 17 M ?

F
4.398*

29

*P<.05

Table 26
Pairwise Comparisons for Object Assembly Means

Group

Group

Two Sample
t-Value

DF

Prob.

Mean
Difference

1

2

1.605

27

0.120

1.300

1

3

2.983

2?

0.006

2.400

2

3

1.358

2?

0.186

1.100
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Table 27
Object Assembly Subtest, by Group and IQ

Factor IQ
1

Factor Group Level
1

2

3

. 2

N

5

5

Mean

3 .2 0 0 0

3 .0 0 0 0

Std. Dev.

1.6432

2.4495

N

5

3

Mean

2 .2 0 0 0

1 .666?

Std. Dev.

1.3038

1.5275

N

8

2
1 .0 0 0 0

.62500

Mean
Std. Dev.

2.8484

1.8468

Table 28
ANOVA of Object Assembly Subtest, Group x IQ

Least Squares ANOVA
Source

DF

SS

MS

F

Cells

5

29.72

Group eliminating IQ

2

27.85

13.92

IQ eliminating Group

1

0.14

0.14

0.04

Group by IQ

2

0 .7 2

O .3 6

0 .1 0

3.55

Within

22

78.14

Total

27

10 7 .8 6

3.92

*p<.05
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Coding Subtest

Coding was the final subtest of intellectual performance exam
ined.

Again, group I showed the highest mean gain in performance, with

a mean gain of 3 .3 . Group II followed, with a mean of 2.3, and group
III had a mean of 0,4.

ANOVA, as shown in Table 29, found the varia

tion among these means to be highly significant.

Pairwise comparison,

in Table 30, indicated that only the difference between groups I and
II was not significant.

It appears that the control group differed

from the two treatment groups but that the latter do not differ
between themselves.

Table 29
ANOVA for Coding Means

MS

F

43.400

SS

2

2 1 .7 0 0

5.496*

Within Gr

1 0 6 .6 0 0

27

3.9^8

Total

1 5 0 .0 0 0

29

Source
Groups

DF

*P <•05
Table % indicates the introduction of overall IQ with group as
explanatory factors.

Preliminary ANOVA reveals that the set of

factors accounted for variations in pre-post change in highly signi
ficant fashion.

Table 32 breaks this variation down into main and

interaction effects, and finds once again that group has the only
main effect.

Unlike any of the other subtests, however, this analysis

of Coding reveals a significant interaction effect for group and IQ.
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Table 30
Pairwise Comparisons for Coding Means

Group

_
GrOUI>

Two Sample
t.-Value

DF

•n

Mean
Difference

-u

r0 *

1

2

1 .1 2 5

27

0.270

1.000

1

3

3 .2 6 k

27

0 .0 0 3

2 .9 0 0

2

3

2.138

27

0 .9 0 0

1 .9 0 0

Table 31
Coding Subtest, by Group and IQ

Factor IQ
1

2

N

5

5

Mean

1.6000

5.0000

Std. Dev.

1.1402

2.2361

N

5

3

Mean

2.4000

2.0000

Factor Group Level
1

2

3

Std. Dev.

1.3416

3.0000

N

8

2

Mean
Std. Dev.

.62500
1.5059

-.5 0 0 0 0
2 .1 2 1 3
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Table 32
ANOVA of Coding Subtest, Group x IQ

Least Squares ANOVA
Source

DF

MS

SS

F

Cells

5

74.19

Group eliminating IQ

2

32.20

16.10

5.01

IQ eliminating Group

1

5.93

5.93

1.84
3.93

2

25.30

1 2 .6 5

Within

22

7 0 .7 8

3 .2 2

Total

27

144.96

Group by IQ

*p<.o5

SUMMARY

All of the independent, control, and dependent variables were
examined in this chapter.

Frontalis tension was found to decline

significantly over 12 trials as indicated by ANOVA and correlation
analysis.

Support was found for A-trait.

Both A-state and A-trait

were found to decline significantly when tested by the Wilcoxon signed
ranks test.

Both treatment groups differed from the control group in

post-test measure of A-state, but not of A-trait.
Improvements in intellectual performance were observed, with
group I typically showing the greatest improvement.

Two-way ANOVA

did not find general IQ to be a significant factor in subtest perform
ance ; and IQ and group interacted only in change on the Coding subtest.
Generally, groups I and II did not differ significantly on improvement,
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while both differed from group III.
For the experimental group I (biofeedback only), a follow-up
evaluation was also conducted.

The time period from the conclusion

of the relaxation training to the follow-up was approximately 12
weeks.

To initiate this follow-up, subjects returned for one baseline

EMG session consisting of 80 30-second blocks of time in which the
frontalis EMG activity was monitored and recorded.

The instructions

for the session were exactly the same as those given for the first
baseline (A^ phase) session.

In addition, the subjects were encour

aged to remember how they felt when they received feedback during the
training phase and to follow their feelings in order to relax during
the session.

All 10 subjects continued to demonstrate self-regulatory

skills at or below A^ and B phases levels.

(For complete details, see

Appendix G .)

QUALITATIVE DATA

Teachers reported improvement in scholastic performance in 8 of
the 10 subjects in group I, and 7 of 10 in group II; this finding was
not available in quantifiable form, but it does represent a significant
side-effect of experimental training.

R e p r o d u ce d with p erm issio n o f th e copyrigh t ow n er. Further reproduction prohibited w ithout p erm ission .

CHAPTER V

DISCUSSION

In this chapter, the findings presented in Chapter IV are dis
cussed in terms of their limitations, implications, conclusions drawn,
and recommendations for further research.

LIMITATIONS

A number of limitations in the present study have been noted,
including the following:
1.

No EMG data were collected on group III, the control group,

since the biofeedback procedure was not used on these subjects.

Thus

this kind of inter-group comparison could have been employed to assess
change in EMG, just as it was employed to assess change in STAIC and
WISC-R variables.

This does not, however, deny the changes over time

observed for groups I and II, and assessed by ANOVA and correlation
analysis.
2.

The pre-post measure design was the only means for infer

ring concomitant changes in EMG, A-state and A-trait, and intellectual
performance.

Through use of group means, one can observe changes in

each of these variables at a collective level.

By use of correlation

analysis, it is possible to observe concomitant variations for given
individuals.

Thus EMG— even mean EMG for phases A^ and Ag— could be

correlated with pre-test and post-test measures of STAIC and WISC-R
variables.

This could be done simply by using each variable as the

measure of change rather than separate pre- and post-measures.
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3.

The sample Included a very small number of female subjects—

3— and therefore the conclusions that are drawn are limited in that
respect.

While percentile scores for individual female subjects were

derived from the appropriate tables of the STAIC Manual (Spielberger
et al., 1973)» observations about the three groups as a whole were
based on the male norms.
The assessments of change in the STAIC variables were based
on the percentile scores for individuals.

This permitted statistical

testing of the change hypotheses by use of a nonparametric test—
Wilcoxon's signed ranks test.
cant results in some cases.

This was sufficient to render signifi
However, if the raw data had been used,

a procedure that made more assumptions about the level of measurement,
such as the t test, might have been employed.
5*

Pursuing this point, raw data might also have permitted a

direct correlational analysis between the WISC-R data and the STAIC.
As stated in the second point above, the only clues to concomitant
variation lie in differences in group means for the two sets of
variables.
6.

The relatively short time span between pre-test and post

test measures may have allowed for observed change in A-state, but
not for A-trait, which is presumably a more stable attribute than
A-state.

A longer time lapse between pre-test and post-test, for

example, might have made such observed change possible; or a follow-up
measure might have accomplished the same end.

Such a strategy would

also tap the stability of changes that were observed in other
variables.
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CONCLUSIONS

On the basis of the results presented in Chapter IV, and taking
into account the limitations discussed above, a number of conclusions
can be drawn.
1.

These include the following:

A significant reduction in EMG measures of frontalis tension

was observed for the two treatment groups.

Despite the lack of a

comparative measure for the control group, one may conclude that the
decreases were significant on a group basis when ANOVA was used, and
for most individuals when correlation analysis was used.

Since these

changes were significant, it is easier to argue that any changes in
STAIC or WISC-R variables are attributable to EMG changes rather than
to chance or to contamination by other influences.
2.

The high frequency with which subjects measured high on

A-trait is a corroboration of the clinical diagnoses of anxiety.
Conversely, the diagnoses tend to confirm the validity of at least the
A-trait scale of the STAIC.

The sample of subjects all made the 75th

percentile or better; Spielberger (1977) stated that, this represents
a permissible cutting point to replace the usual cutting point of the
90th percentile.
3.

A significant reduction in A-state was observed in the two

treatment groups, but not in the control group.
and 3 are rejected for this variable.

Thus hypotheses 1

However, no reduction in

A-trait was observed for any group, indicating that the two hypotheses
cannot be rejected for this variable.

Hypothesis 5» predicting no

pre-test differences among grcups in either A-state or A-trait, is
not rejected.

On post-test differences, however, the hypothesis is
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rejected, since both treatment groups differed from the control group
on A-state.

No differences were observed on A-trait, however.

Significant increases in intellectual performance on the
6 WISC-R subtests were observed for the two treatment groups, thus
indicating rejection of hypotheses 2 and k .

While pre-test and post

test differences among groups were not assessed per se, the changes in
the two treatment groups argue for rejection of hypothesis 6, which
predicted no post-test differences among groups.

When general IQ was

introduced as a possible controlling factor on subtest performance,
it was not found to have any influence; the main effect of group was
the principal influence, with group interacting with IQ only in the
coding subtest.
5.

Summarizing some of the findings above, no significant

post-test differences were found between the two treatment groups in
reducing A-state or in increasing intellectual performance.

However,

in each comparison, the biofeedback-alone group ranked ahead of the
biofeedback-with-therapy group in its effects on the dependent
variables even when this difference was not significant.
6.

The overall gains made on the 6 WISG-R subtests would tend

to substantiate and enlarge Braud, Lupin and Braud's (1975) observa
tions that considerable gain in performance can be achieved without
specific remediating and in considerably less time.

These authors

also noted that there was significant attitudinal change in the
direction of overt verbalization of a positive nature replacing selfcritical statements.

This attitudinal change was noted, although not

quantified in this study.

Overall, a gradual change from derogatory
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to positive verbalizations was noted to occur at the end of the
phase B (training) level.
quents

Comments such as the following were fre

"Now I can control my nervousness"; "I know how to relax now

and not to feel uptight"; "I didn't know I could do it".
These attitudinal changes in conjunction with the reduction of
undesirable behavior associated with high level of anxiety would
suggest that when relaxation training is effective, its effectiveness
is the result of a new system of cognitive awareness in the subjects.

RECOMMENDATIONS

As a result of the limitations and conclusions stated above, the
following recommendations are made;
1.

That either a delayed post-test measure be instituted, or

a follow-up measure be used in addition to the post-test measure.
Such a procedure would allow for detection of changes in attributes
that take more time, or in assessing the stability of changes that
have occurred.
2.

That correlations be computed between changes in EMG, on the

one hand, and changes in anxiety and intellectual performance.
3.

That changes in the STAIC variables be correlated with

changes in the WISC-R variables.

In both this and the previous case,

groups can be introduced as controls, for example through convariance
analysis.
4.

That both sexes be represented more adequately in samples.

Other variables, such as race and socioeconomic status, can be used
to check on the degree to which the findings of this and similar
studies can be generalized to the elementary school population.

If
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necessary, multivariate procedures such as multiple regression
analysis can be employed.
5-

That the STAIC data be handled in a way to allow for the

interval scale level of measurement, and thus for more robust statis
tical tests, such as ANOVA and the t test.
6.

That changes in EMG measures be correlated directly with

changes in anxiety and intellectual performance.

In this way one can

argue more directly and persuasively in favor of biofeedback as being
the responsible factor.
7.

That investigations similar to the present one be under

taken on different student populations, for example secondary school
and college students.
8.

That experimental designs try different comparisons.

For

example, in addition to the two treatment groups employed in this
study1
— BF alone and BF combined with therapy— a therapy-alone group
can be used.
9.

That all measures be employed for all groups being studied.

Thus the control group can be given a pre-post measure of EMG as well
as the STAIC and WISC-R variables.
10.

The range of possible applications of biofeedback training

as a therapeutic intervention modifying the existing undersirable
behavior patterns, or as a preventative form of training prior to the
development of such behavioral patterns is extensive (Hampstead, 1975)*
The clinical applications of this modality are in their infancy and
care must be taken by all who attempt such applications to ensure
that their work is sound and results are accurate.

If these cautions
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are heeded, biofeedback training has a promising and effective future
in reducing anxiety and tension, and it should be employed wherever
anxiety has debilitating effects on an individual's concentration,
memory, and performance.
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H O W -I-FEE L Q U E S T IO N N A IR E
Developed by C. D. Spielberger, C. D. Edwards, J . Montuori and R. Lushene
STAIC F O R M C-1

AGE_

10b

DATE_

DIRECTIONS: A number of statements which boys and girls use to describe
themselves are given below. Read each statement carefully and decide h o w
you feel right now. Then put an X in the box in front of the word or phrase
which best describes h o w you feel. There are no right or wrong answers. D o
not spend top much time on any one statement. Remember, find the word
or phrase which best describes h ow you feel right now, a t this very moment.

1. I f e e l ...............

□

very calm

2. I f e e l ...............

□

very upset

3. I f e e l ...............

□

very pleasant

4. I f e e l ...............

□

very nervous

5. I f e e l ...............

□

very

□

□

calm

□

not calm

□

not upset

pleasant

□

not pleasant

nervous

□

not nervous

□

not jittery

6. I f e e l .................

□

□

not rested

7.

I f e e l .................

□

□

not scared

8.

I f e e l .................

Cl

□

not relaxed

9.

I f e e l ...............

□

not worried

□

□

not satisfied

10.

□,

I f e e l .................

11.I feel

. . . . . . . .

iitened

□

12. I f e e l ...............

□

very happy

□

happy

□

not frightened

□

not happy

13. I f e e l ...............

□

very sure

14.I feel

. . . . . . .

□

very good

15.

I f e e l ...............

□

very troubled

troubled

□

not troubled

16.

I f e e l ...............

□

very bothered

bothered

□

not bothered

17.

I f e e l ...............

□

very nice

J8.

I f e e l ...............

□

very terrified

19.

I f e e l ...............

□

very mixed-up

20.

1f e e l ..............

□

very cheerful

sure

□

not sure

□

not good

□

not nice

terrified

□

not terrified

□

mixed-up

□

not mixed-up

□

cheerful

□

not cheerful

□
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HOW -I-FEEL Q U E ST IO N N A IR E
STAIC FORM C-2
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.AGE_

.D A T E -

DIRECTIONS: A number of statements which boys and girls use to describe
themselves are given below. Read each-statement and decide if it is hardlyever, or sometimes, or often true for you. Then for each statement, put an X
in the box in front of the word that seems to describe you best. There are no
right or wrong answers. Do not spend too much time on any one statement.
Remember, choose the word which seems to describe how you usually feel.

1.

I worry about makingmistakes

□

hardly-ever

□

sometimes

□

often

2.

I feel like crying

...................

□

hardly-ever

□

sometimes

□

often

3.

I feel u n h a p p y .....................

□

hardly-ever

□

sometimes

□

often

4.

I have trouble making

5.

is difficult for m e

6.

. . . .

up

□

□

sometimes

□

often

hardly-ever

hardly-ever

□

sometimes

□

often

much j ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ k a r d l y - e v e r

□

□

often

7.
8.

□
.

.

.

often
often
often

9.
10.

ugh t
mind and bother m e .

11.

I worry about school........ ~.

. . .

12.

I have trouble deciding what to do

.

13.

I notice m y heart beats f a s t ..........

sometimes

□

often

hardly-ever

□

sometimes

□

often

hardly-ever

□

sometimes

□

often

hardly-ever

□

sometimes

□

often

hardly-ever
□

..

□
□

14.

I a m secretly afraid

15.

I worry about m y parents............

.................

□

16.

M y hands get s w e a t y ................

□

17.

I worry about things that may happen

18.

It is hard for m e to fall asleep at night

19.

I get a funny feeling in m y stomach .

20.

I worry about what others think of m e

□

□

sometimes

□

often

□

sometimes

□

often

hardly-ever

□

sometimes

□

often

□

sometimes

□

often

□

hardly-ever

□

sometimes

□

often

□

hardly-ever

□

sometimes

□

often

□

luirdly-cvcr

□

sometimes

□

often

□

.

.

hardly-ever
hardly-ever

hardly-ever

..

.

□
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CONSENT FORM

I have received a verbal presentation of the research proposal
and have read the human subject statement and the research proposal.
I have received an explanation of the procedures to be followed
including:
1.)

Identification of those procedures which may be considered

experimental.
2.)

A description of the attendant discomforts and risks

(Human Subject Statement 2, a & b).
3.)

A description of the benefits to be expected (Human Subject

Statement 3* a-d).
4.)

A disclosure of alternative therapeutic procedures which

would be appropriate for the individual subject.
I have also received an offer to answer any questions I may now,
or later, have concerning the procedures and have been instructed that
I am free to withdraw my consent for continued participation in this
investigation by my child.

I have been assured that if I do withdraw

my child from the investigation, his continued treatment will in no
way be limited to less than what a similar child may receive.
In addition, the investigator has informed me that specific data
gathered during the investigation will be included in a doctoral dis
sertation and, if accepted, within a published article.

The data

regarding my child will be described in such a manner that it will
not be possible for him to be individually identified and his (our)
confidentiality will be protected.

The data to be included in the

122
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dissertation are:

Age, Sex, I.Q. scores, STAIC T scores, Diagnosis,

EMG scores, medication dosage and medical history (if applicable), a
generalized description of academic and/or behavioral difficulties
present.
I hereby give consent for Mazhar A. Khan, M.A. to carry out the
investigation described to me and detailed within the research pro
posal on our child (ward).

I also give permission for the investi

gator to receive a verbal or written report from my child's teacher
or school principal regarding his/her behavior on academic performance.
The only inducement offered to me for allowing my child to
participate in this investigation is the possibility that this
investigation may benefit other highly anxious children and their
families by way of the results obtained and made public.

Signed:

(Relationship)

(Witness)

(Witness)

(Date)

(Date)
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HUMAN SUBJECT STATEMENT

1.

EMG biofeedback has been proven to be effective in producing

muscle relaxation in adults.

Preliminary investigations of EMG

assisted relaxation training with anxious children have demonstrated
similar results including a decrease in anxiety (both State and Trait),
increased attention span, improved self-conficence, decrease in selfdefeating behaviors, improved social interactions, and improved per
formance skills, etc.

Thus, it is worthwhile to investigate the

potentially beneficial effects of this form of behavioral intervention
in order to describe and develop an alternate mode of treatment for
children diagnosed as "over anxious" and/or "anxiety neurotic".
2.

The only apparent discomfort and risks involved in this pro

cedure are as follows:
(a)

Discomfort from electrode placement: Each electrode

is held in place by an individual adhesive disc and while there is no
physical pain involved with the initial placement, some discomfort may
be experienced when the adhesive disc is removed.

The investigator

will take all possible measures within reason to ensure that the dis
comfort experience is minimal.
(b)

Possible psychological risks: The literature in this

area has indicated that if the subject develops unrealistic goals for
success, disillusionment or discouragement may occur.

If such a situ-,

ation does develop, the investigator will immediately work with the
subject to develop realistic goals as regards to the procedures and
will provide the subject with alternative therapeutic techniques to

12^
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enhance his/her self-confidence and esteem.

A close contact will he

maintained between the investigator, the subject's parents (guardians),
and perhaps the subject's teacher in order to detect any such dis
couragement as quickly as possible.
3.

Benefits to be expected from this investigation are as

follows:
(a)

To the degree that the subject is successful in learn

ing muscle relaxation, or decrease in anxiety level, increase in
functional attention span, an increase in self-confidence and a
decrease in non-purposeful activity may be realized by the subject.
(b)

To the extent that the above mentioned benefits are

realized, the subject has the potential to significantly improve the
quality of his interpersonal interactions on both a peer and adult
level, since the child's behavior is less prone to be affected by his/
her anxiety.
(c)

Positive results from this investigation will assist

in the development of alternative mode of therapeutic intervention in
dealing with highly anxious children.

Because of his/her improvement

in his confidence as well as performance levels, and his/her increased
ability to face the pressure of daily life, he/she has a better chance
of experiencing success both academically and socially.
(d)

The slight risk to the subject is insignificant when

the potential benefits available to the subject's and to the future
treatment of other highly anxious children are considered.
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